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Abstract 
The development of alkene functionalizations is an important challenge in modern catalysis.1 This 
thesis specifically focuses on using transition metal-catalysis to form C–X bonds from C–C double bonds 
with high degrees of regio-, chemo-, and stereoselectivity.  
 In chapter 1, a regiodivergent Rh-catalyzed hydrothiolation of allyl amines to form 1,2- or 1,3-
aminothioethers with excellent degrees of regioselectivity is reported. Bidentate phosphine ligands with 
larger natural bite angles (βn ≥ 99°) promote a Markovnikov-selective hydrothiolation in up to 88% yield 
and >20:1 regioselectivity. Conversely, when smaller bite angle ligands (βn ≤ 86°), are employed, the anti-
Markovnikov product is formed in up to 74% yield and >20:1 regioselectivity. Initial mechanistic 
investigations are consistent with an oxidative addition/olefin insertion/reductive elimination mechanism 
for each pathway. We hypothesize that the change in regioselectivity is an effect of diverging coordination 
spheres to favor either Rh–S or Rh–H insertion to form the branched or linear isomer, respectively. 
In chapter 2, initial studies on an asymmetric hydroamination method for the highly enantioselective 
formation of a chiral 1,2-diamine are discussed. To our delight, we have identified a MeO-BIPHEP-type 
ligand that promotes the hydroamination of allyl amines in moderate yield with excellent enantioselectivity. 
Ligand discovery and initial optimization are described.  
Finally, in chapter 3, an anti-Markovnikov oxidative amination reaction of terminal olefins with 
pendent aryl- or alcohol functionality is presented. Alkenes are shown to react with imides in the presence 
of a palladate catalyst to afford the terminally aminated product. Following an anti-Markovnikov selective 
trans-aminopalladation, a thermodynamically-driven redox relay process occurs away from the newly 
formed C–N bond to afford a terminal Csp3–N bond and a ketone or styrene moiety. The functional group 
tolerance is explored and results of preliminary mechanistic investigations are shown.  
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This thesis is dedicated in honor of my grandfather, Dr. Jerry Poteet, who has written me a letter every 
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CHAPTER 1 
 
 Rhodium-Catalyzed Regiodivergent Hydrothiolation of Allyl Amines and Imines 
 
1.1: Introduction 
Unsaturated C–C bonds are some of the most versatile and abundant organic functionalities. In 
fact, ethylene2 and propylene3 are the most produced hydrocarbon chemical feedstocks, affording 130 and 
85 million metric tons per year, respectively. As such, transformations that efficiently increase chemical 
complexity from these ubiquitous moieties have garnered significant attention in the last century. In fact, 
it is approximated that 10 of the 98 Nobel Prizes awarded in Chemistry between 1901 and 2010 recognized, 
in large part, the development or utilization of olefin, acetylene, and/or 1,3-diene functionalization4.   
In this regard, hydrofunctionalization reactions, i.e. the direct addition of H–X across an 
unsaturated C–C bond, constitute a 100% atom-economical strategy to incorporate C–X bonds into organic 
frameworks (Scheme 1.1).5 In general, these reactions can proceed through two regiodivergent pathways: 
Markovnikov addition to form branched C–X bonds (Scheme 1.1, 1) and anti-Markovnikov addition to 
form linear C–X bonds (Scheme 1.1, 2).6   
Scheme 1.1: Possible pathways for the hydrofunctionalization of C–C unsaturated bonds 
 
More specifically, hydrothiolation reactions7 for the formation of a C–S and C–H bond are highly 
valuable, as organosulfur compounds are common synthetic intermediates8 and composed approximately 
20% of the top-selling US pharmaceutical drugs in 20129. The anti-Markovnikov addition of thiyl radicals 
to alkenes and alkynes has been studied since the first report by Posner in 190510. Since, this reactivity has 
been extensively studied11 and expanded into robust processes, commonly referred to as the thiol-ene and 
thiol-yne reactions (Scheme 1,2). One of the major drawbacks of these reactions; however, is the inherent 
inability to achieve the Markovnikov-type adduct due to C-radical stability. While Lewis and Brønsted 
acid-mediated approaches to the branched isomers have been disclosed12, issues with regio- and/or 
stereoselectivity, limited functional group tolerance, and extremely harsh conditions have encouraged the 
development of transition-metal catalyzed systems.  
Scheme 1.2: Markovnikov and anti-Markovnikov hydrothiolation 
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Yet, despite the wide synthetic and industrial employment of other metal-mediated 
hydrofunctionalization processes (such as hydroboration, hydrostannation, and hydrosilyation), selective 
hydrothiolation reactions using transition-metal catalysis are relatively underdeveloped7f.  In fact, while the 
transition-metal catalyzed hydroamination of olefins was first reported in 197113, the transition-metal 
catalyzed hydrothiolation of simple olefins remains an elusive challenge7f. This apparent gap in the 
literature is likely due to sulfur’s reputation to poison transition-metal catalysts. In fact, sulfur reagents are 
known to decrease catalytic activity at concentrations as low as 10 ppb14, suggesting that metal-catalyzed 
hydrothiolation will be particularly challenging.  Nevertheless, through careful catalyst design, chemists 
have developed a myriad of transition-metal catalyzed hydrothiolations of unsaturated C–C moieties, e.g. 
alkynes, allenes, and activated alkenes in the last two decades.   
Herein, a review of the state-of-the-art methods for transition-metal catalyzed hydrothiolation 
reactions of (a) alkynes, (b) allenes, and (c) alkenes is presented. Focus will be mostly dedicated to 
Markovnikov-selective reactions as these adducts cannot be accessed through well-precedented radical 
reactions. Thereafter, our approach to Markovnikov-selective transition-metal catalyzed hydrothiolations 
of allyl amines and imines is discussed.  
1.2: Literature Review 
a. Transition-Metal Catalyzed Hydrothiolation of Alkynes  
The hydrothiolation of an alkyne can proceed via several pathways: (1) Markovnikov addition, (2) 
Markovnikov addition followed by double bond isomerization (only in the presence of propargylic 
hydrogens), and (3) anti-Markovnikov addition, with each pathway forming constitutionally-isomeric vinyl 
sulfides (Scheme 1.3). A number of catalytic methods have been developed to selectively access each of 
these isomers from alkynes with high degrees of regio- and stereoselectivity. Herein, I will focus on the 
Markovnikov-selective reports, while particularly highlighting the unique ability of group 9 metals to 
selectively access both branched and linear vinyl sulfides.  
Scheme 1.3: General product distribution in the hydrothiolation of alkynes 
 
Ogawa reported the first transition-metal catalyzed hydrothiolation in 1992 using Pd(OAc)2.15  
Complementary to the anti-Markovnikov selectivity of free-radical additions, this system affords branched 
vinyl sulfides from common starting materials (i.e. an alkyne and a thiol) (Scheme 1.4, entry 1- 2). The 
reaction is tolerant of a variety of Lewis-basic functionality (e.g. alcohols, silanes, amines, and esters),  
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Scheme 1.4: Product distribution for the hydrothiolation of 1-octyne with various metals 
 
which would likely not be tolerated under strongly acidic or basic conditions. Further, the authors 
demonstrate reactivity with both terminal and internal alkynes, obtaining high regioselectivities with 
unsymmetrical internal alkynes containing a vinyl carboxylic acid. The reaction does, however, have a 
relatively limited scope of arylthiol nucleophiles.  
Intriguingly, unlike with Pd(OAc)2, when employing PdCl2(PhCN)2 or Pt(PPh3)4 on substrates with 
propargylic hydrogens, the internal branched product, derived from olefin isomerization of the 
Markovnikov adduct was formed selectivity in good yields (Scheme 1.4, entry 4-5). Alternatively, when 
catalyst was not added to the reaction, only the linear vinyl sulfide was observed without any 
diastereoselective induction, indicating that the [Pd] and [Pt] catalyst override the inherent radical-dictated 
regioselectivity of the reaction as initiated by advantageous O2 (Scheme 1.4, entry 8). 
Interestingly, however, when switching from Pd(OAc)2 to Wilkinson’s catalyst (i.e. RhCl(PPh3)3), 
the linear vinyl sulfide was observed with high degrees of stereoselectivity (Scheme 1.4, entry 7). This 
stark switch in regioselectivity with high degrees of stereo-induction suggests a change in mechanism 
which likely includes a syn-selective olefin functionalization. The authors explore the scope of the reaction 
and demonstrate tolerance of protic functionalities and internal alkynes; however, only thiophenol is 
explored as a nucleophile.16  
The authors propose catalytic cycles for each of these processes, indicating that the switch in 
regioselectivity is due to differences in the active catalyst16  In particular, Pd(OAc)2 releases AcOH to form 
Pd(SPh)2Ln in the presence of thiophenol and subsequently undergoes cis-migratory insertion into the Pd–
S bond to place [Pd] at the terminal position (Scheme 1.5, a). Protolytic cleavage releases the branched 
product. If the substrate contains propargylic hydrogens, the branched products will isomerize to internal 
olefins in the presence of electron deficient metal sources, e.g. PdCl2(PhCN)2 (Scheme 1.5, b).  
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Scheme 1.5: Catalytic cycles forming three 
constitutional isomers from (a) Pd(OAc)2; (b) 
PdCl2(PhCN)2; (c) RhCl(PPh3) 
 
 
  Alternative to each of these [Pd]-
catalyzed pathways, in the presence of [Rh], 
thiophenol undergoes oxidative addition to form 
a HRh(SPh)ClLn intermediate. With the 
availability of both a Rh–H and Rh–S for 
migration, the more nucleophilic Rh–H 
preferably inserts into the π-system to afford the 
anti-Markovnikov adduct following reductive 
elimination (Scheme 1.5, c). The syn-
hydrometallation governs the high 
diastereoselectivities of this reaction.  
These observations by Ogawa et al. truly 
pioneered transition-metal catalyzed 
hydrothiolation reactions. Not only did these 
researchers utilize a reagent class that many 
thought was incompatible with transition metals, 
they tuned the reactivity to selectively accessed 
three constitutional isomers by simply varying 
the catalyst source, encouraging the wide-spread 
use of thiols as reagents in transition-metal 
catalysis. One common drawback of the 
regiodivergent methods; however, is the 
dependency on arylthiols as the nucleophile to 
form aryl vinyl sulfides.  
The Love group first addressed this 
limitation in 200517 (and later expanded the scope 
in 200918) by employing an electron-rich 
rhodium triazolylborate complex for the selective 
synthesis of branched alkyl vinyl sulfides in good 
to excellent yields with excellent regioselectivity 
(Scheme 1.6).  
The authors observed an interesting 
switch in the regioselectivity of Rh-catalyzed 
hydrothiolation with aryl thiols. In particular, the 
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Scheme 1.6: Markovnikov-selective hydrothiolation of alkynes with alkyl thiols catalyzed by 
Tp*Rh(PPh3)2 
 
Scheme 1.7: Decreased regioselectivites observed with aryl thiols catalyzed by Tp*Rh(PPh3)2 
 
reaction of phenylacetylene and thiophenol with the electron-rich RhTp* catalyst resulted predominately 
in the branched isomer, the opposite of which Ogawa reported with Wilkinson’s catalyst (Scheme 1.7). The 
origin of this regiodivergent hydrothiolation was not disclosed; however, this report marked an interesting 
turn in rhodium-catalyzed hydrothiolation reactions and the ability to access isomeric pathways with 
differing ligand scaffolds.    
Inspired by Ogawa and Love’s intriguing demonstration of ligand-controlled regioselectivity with 
Rh complexes, Castarlenas and co. workers explored the effect of electron-rich and sterically encumbered 
Rh–NHC complexes on the hydrothiolation of alkynes.19 Interestingly, the authors found that in the 
presence of a dinuclear Rh-precursor A, [Rh(υ-Cl)(IPr)(η2-olefin)]2, the hydrothiolation of phenylacetylene 
with thiophenol occurred via anti Markovnikov addition to afford the linear (E)-vinyl sulfide (Scheme 1.8, 
entry 1) . Alternatively, upon the addition of pyridine or when starting with pyridine-bound mononuclear 
catalyst B, RhCl(IPr)(py)(η2-olefin), the Markovnikov adducts were observed (Scheme 1.8, entry 2-3).  
Scheme 1.8: Ligand-controlled regiodivergence with Rh-NHC complexes 
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The authors suggest a complex interplay between the electronics of the IPr, pyridine, and hydride 
ligands to account for the complete reversal of regioselectivity (Scheme 1.9). Similar to both Love and 
Ogawa’s [Rh] systems, the authors suggest that oxidative addition of thiophenol occurs into each Rh-NHC 
complex to form either complex C or F. It is the divergent alkyne disposition from these complexes that 
dictates the regioselectivity of the reaction. Namely, from complex C, the acetylene preferably coordinates 
trans to the strong σ-donating and sterically bulky NHC complex, putting both the sulfide and the hydride 
cis to the electrophilic alkyne (D). Both Rh–H and Rh–S insertion is possible from this species. As hydrides 
are more nucleophilic, Rh–H insertion selectively occurs to form intermediate E. From here, reductive 
elimination to form a C–S bond results in the linear vinyl sulfide (2). 
Alternatively, from complex F, the strongly coordinating pyridine ligand occupies the position 
trans to the bulky and electron-rich IPr ligand, precluding axial acetylene coordination. Acetylene 
coordination is consequently controlled by the high trans-directing capacity of the hydride ligand, forming 
complex G. From here, Rh–S insertion is geometrically favored to form H, which upon protolytic cleavage 
regenerates the catalyst and forms the 1,1-disubstituted branch adduct 1. 
Although the authors do demonstrate selective reactivity between a variety of thiols and alkynes, 
the reactions were only conducted on the NMR scale; thus, while this methodology is mechanistically 
intriguing, the results have not been extended to the preparatory scale.  
An Outlook on the Hydrothiolation of Alkynes 
Ogawa, Love, and others have, in conjugation, overcome the main challenges associated with the 
hydrothiolation of alkynes, i.e. the control of regio-, chemo-, and steroselectivity for additions to internal 
and terminal aryl-, benzyl- and alkyl- acetylenes with aryl-, benzyl-, and alkyl- thiols. In general, group 10 
metals have been shown to favor Markovnikov additions; whereas group 9 metals can access either the 
branched or linear isomers, dependent on the ligand scaffold. The regioselectivities in the X–H addition is 
widely considered to be dependent on the migratory insertion step; i.e. simply put, insertion into the M–H 
species affords linear vinyl sulfides whereas insertion into the M–S bond results in branched vinyl sulfides 
(Scheme 1.10). Although the implication of these strategies in target-oriented synthesis of complex 
molecules remains to be demonstrated, many consider selective S–H additions to alkynes to be a developed 
field.  An understanding of these additions to acetylenes is, however, crucial to the methodological 
development with less reactive C–C unsaturated moieties, i.e., allenes and olefins.  
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Scheme 1.9: Comparison of the catalytic cycles with and without pyridine 
 
Scheme 1.10: General alkyne hydrothiolation mechanisms to form either (a) linear vinyl sulfides or (b) 
branched vinyl sulfides 
 
b. Transition-Metal-Catalyzed Hydrothiolations of Allenes  
The hydrothiolation of allenes can formally occur via addition to the (1) alpha, (2,3) beta, or (4) 
gamma position of the allene to form isomers of either allyl thioethers (1, 4) or vinyl sulfides (2, 3) (Scheme 
1.11). Unlike radical additions to alkynes and alkenes, which are generally highly selective, the radical 
addition of thiols to allenes results in a complex product distribution of regio- and stereoisomers; rendering 
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the radical addition to allenes synthetically less useful.20 Fortunately, relative to alkenes, the higher 
coordination ability of allenes increases their activity toward transition-metal catalyzed additions. Thus, to 
overcome these regio- and steroselective challenges, there have been a number of transition-metal catalyzed 
reports.   
Scheme 1.11: General product distribution in the hydrothiolation of alkynes 
 
Ogawa reported the first transition-metal catalyzed regioselective hydrothiolation of 
monosubstituted terminal allenes in 1996.21 In particular, it was shown that Pd(OAc)2 exhibits excellent 
catalytic activity toward the addition of thiophenol to the inner double bond of terminal allenes to afford 
terminal vinyl sulfides (Scheme 1.11, 2) with high degrees of regioselectivity (Scheme 1.12). This 
breakthrough provided an alternative building block to alkynes for the synthesis of branched vinyl sulfides 
via hydrothiolation reactions. Linear and branched aliphatic allenes successfully underwent regioselective 
hydrothiolation in good yields; however, in the case of the former, a mixture of constitutional isomers was 
observed.  
Scheme 1.12: The first transition-metal-catalyzed addition of thiophenol to an allene with Pd(OAc)2 
 
The authors propose the following mechanism: (i) ligand exchange to form the catalytically active 
Pd(SPh)2; (ii) coordination of the [Pd] to the more electron-rich double bond (i.e. the more substituted 
double bond); (iii) syn-thiopalladation to form a π-allyl intermediate; and (iv) inter- or intra proton transfer 
to release the product and regenerate the palladium sulfide species (Scheme 1.13, pathway a). Ogawa later 
demonstrated that a more sterically encumbered catalyst, i.e. Pt(PPh3)4, would preferentially bind to the 
terminal double bond (Scheme 1.13, pathway b) to afford the internal vinyl sulfide (Scheme 1.11, 3).22  
Inspired by the biological23 and synthetic24 importance of α-chiral thioethers, Breit and co-workers 
envisioned an approach to the synthesis branched allylic thioethers (Scheme 1.11, 1) from allenes via 
hydrothiolation of the more substituted double bond. Similar to the approach of the Love group with 
alkynes to reverse the regioselectivity relative to Ogawa’s palladium work, Breit and co-workers employed 
a [Rh] catalyst capable of (i) oxidative addition into the S–H bond followed by (ii) selective [Rh]–H 
insertion and finally, (iii) reductive elimination to form the Markovnikov adduct (Scheme 1.14).  
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Scheme 1.13: Two proposed pathways for transition-metal-catalyzed hydrothiolation of allenes 
 
Scheme 1.14: Proposed mechanism for the [Rh]-mediated hydrothiolation of allenes to form α-chiral 
thioethers 
 
Excitingly, 1-cyclohexyl allene reacted with thiophenol in the presence of (R)-Difluorphos to 
regioselectively afford the α-chiral thioether in 92% yield and 99% regioselectivity with an enantiomeric 
excess of 92% (Scheme 1.15).25  High yields and moderate to good enantioselectivities were observed for 
ortho-, meta-, and para-substituted aryl thiols with electron-rich and electron-poor functionalities. Alkyl 
thiols were shown; however, a different ligand and more harsh conditions were necessary, likely due to the 
decreased acidity of the thiol and therefore more challenging oxidative addition. Additionally, a variety of 
both cylic and linear aliphatic substituents on the allene were tolerated. Aryl allenes were not shown; 
however, one could expect poor regioselectivity for branched allylic thioethers with these substrates.  
Scheme 1.15: Asymmetric hydrothiolation of mono-alkyl allenes to form allyl thioethers 
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Later in 2015, the same research group extended their work to include the hydrothiolation of higher 
substituted allenes for the selective formation α-stereogenic allylic Z-configured thioethers.26 The racemic 
pathway proceeded in good yields with excellent diastereoselectivity with dppb (1,4- 
diphenylphosphinobutane) and 30 mol% PTSA (para-tolyl sulfonic acid) as an additive.   
Inspired by their previous report toward α-chiral thioethers, the authors explored a set of chiral 
ligands for the preparation of asymmetric thioethers from racemic 1,3-disubstituted allenes. Gratifyingly, 
employing (S,S)-Me-DuPhos led to the desired products with moderate to good yields with generally good 
enantioselectivites (Scheme 1.16). Symmetrical and unsymmetrical allenes afforded moderate to excellent 
degrees of regioselectivity; however, notably, the unsymmetrical substrates were either sterically or 
electronically biased toward a single constitutional isomer. 
Scheme 1.16:  Asymmetric, Rhodium-catalyzed, highly Z-selective hydrothiolation of 1,3-disubstituted 
allenes 
 
The authors propose that this reaction proceeds as a dynamic kinetic resolution and propose the 
following mechanism: (i) oxidative addition of the thiol to form a Rh(III) species; (ii) hydrometalation of 
a racemic allene to form a (Z) π-allyl isomer (vinyl R2 group points away from the incoming [Rh]); (iii) 
reductive elimination or protodemetalation to form the product and regenerate the catalyst (Scheme 1.17).  
Scheme 1.17: Proposed mechanism of regio- and Z-selective, asymmetric hydrothiolation of 1,3-
disubstituted allenes 
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An Outlook on the Hydrothiolation of Allenes 
Although asymmetric pathways for intramolecular hydrothiolation of alkynes do exist, Breit and 
co-workers have only recently explored intermolecular asymmetric hydrothiolation reactions of mono- and 
di-substituted allenes. The implementation of this system in more complex systems (i.e. higher order 
allenes) still remains to be explored. Further, given Ogawa, Love, and Castarlenas’ work on the ligand-
controlled regioselectivity for the hydrothiolation of alkynes, access to the internal allyl thioether (Scheme 
1.11, 4) might be possible with bulkier groups on the phosphine ligand.  
c. Transition-Metal-Catalyzed Hydrothiolations of Alkenes  
Twenty years after his original report on Pd(OAc)2-catalyzed hydrothiolations of alkynes, Akiya 
Ogawa pointed out in 2013 that “Transition metal catalyst are clearly useful for the regio- and/or 
stereoselective addition of thiols to carbon-carbon triple bonds. In contrast, the transition-metal catalyzed 
additions of thiols to carbon-carbon double bonds such as alkenes has not been developed hitherto….”  
Until our recent report in 2016, there still were no reported transition-metal catalyzed methods for the 
Markovnikov addition of S–H bonds across electronically non-activated olefins. Prior to our work, 
however, there did exist a handful of transition-metal mediated hydrothiolations of activated olefins for the 
synthesis of branched C–S bonds.  
For example, in 2007, He and co-workers demonstrated the catalytic activity of Ph3AuBF4 toward 
the hydrothiolation of 1,3-dienes by aliphatic, benzylic, and aromatic thiols (Scheme 1.18).27  The authors 
present demonstrate the tolerance of –OH, –OMe, and –NO2 functionalities; however, notable to the 
method described herein, when unprotected primary amine functionality was present, no conversion was 
observed.  Additionally, regioselective additions to styrene proved to be difficult because of the substrates 
tendency to polymerize in an acidic environment. When using freshly distilled thiophenol, however, 
excellent yields and selectivities with styrene were observed (90% yield; 9:1 Markovnikov: anti-
Markovnikov).    
Scheme 1.18: Electronically-biased, [Au]-catalyzed additions to 1,3-dienes 
  
The authors also investigated the addition of thiols to simple, unactivated olefins; however, 
attempts to functionalize n-octene resulted in the isomerization to an internal olefin with no additional 
reactivity. Although the authors also observed double bond isomerization with vinylcyclohexane; in  
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Scheme 1.19: Attempted hydrothiolation of simple olefins with a Au(I) catalyst 
 
contrast to n-octene, this substrate underwent thiol addition, albeit as a 1:1 mixture of two isomers (Scheme 
1.19).  
In accord with other pronucleophilic additions, He et al. suggest the cationic Au(I) source polarizes 
the π-bond to enable nucleophilic attack, after which, protodemetallation affords the product. Overall, this 
protocol presents a regioselective alternative to the hydrothiolation of allenes for the direct synthesis of 
allylic thiols.  
In 2012, Corma and co-workers addressed the challenge of S–H additions to styrenes.28 In 
particular, relative to non-catalytic conditions, Fe(III) salts displayed increased yield and substantially 
better Markovnikov selectivity (24:57 branched-to-linear with HNTf3; 84:9 branched-to-linear with FeNTf2 
+ 3AgNTf3) under mild reaction conditions (i.e. 5 mol % catalyst at rt for 30 minutes under ambient 
conditions) (Scheme 1.20). Despite the inherent dependence on the electronically activated styrene moiety, 
the scope of reactivity is impressive. Namely, the reaction proceeds smoothly in the presence of electron-
poor and electron-rich aryl thiols, benzylic thiols, aliphatic thiols, and thiobenzoic acid. The reaction is not 
affected by 1,2-dithiols as demonstrated by the dihydrothiolation of p-chlorostyrene in the presence of 1,2-
dithiobenzene. However, other protic functionalities (i.e. amines, carboxylic acids, and alcohols) in the 
ortho- and para-position do hamper yields. In fact, 1,2-mercaptoaniline does not react under the optimized 
conditions. A variety of styrene derivatives were functionalized including para-, ortho-, α-, and β-
substituted substrates. However, only subtle changes in the electronic nature of the styrene are tolerated; 
i.e. p-fluoro results in a 73% yield, whereas p-CF3 and p-OMe give 36% and 29% yield, respectively.  
Scheme 1.20: General reaction conditions for the hydrothiolation of styrene derivatives 
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Similar to the mechanistic proposal for 1,3-dienes, Corma et al. suggest that the benzylic position 
is electronically activated toward nucleophilic additions by the Fe(III) catalyst (Scheme 1.21). The 
mechanism of thiol addition is uncertain; however, the authors invoke an intramolecular addition of the 
thiol as no styrene polymerization is observed. Overall, this methodology overcomes the challenges 
associated with the functionalization of styrenes in acidic environments and allows for the synthesis of 
benzylic thioether/thiol moieties. 
Scheme 1.21: Proposed mechanism for the hydrothiolation of styrene derivatives 
 
Most recently, in 2014, Ogawa and co-workers discovered that Pd(OAc)2 catalyzes the addition of 
thiols to olefins bearing vinyl heteroatoms in a Markovnikov manner to form thioacetals (Scheme 1.22).29 
Aryl thiols bearing electron-donating and electron-withdrawing groups added across the vinyl ethers and 
vinyl lactams in good yields and excellent selectivity. The authors observed decreased reactivity with 
benzyl- and aliphatic thiols, affording only 35% and 39% yield, respectively. These reactions were also 
limited to di-substituted internal olefins, i.e. tri-substituted olefins did not react, likely due to the lower 
binding affinity of the double bond. 
Scheme 1.22: Hydrothiolation of Alkenes Bearing Heteroatoms Catalyzed by Pd(OAc)2 
 
The authors propose that the vinylic heteroatoms promote the coordination of Pd to the olefin, 
inducing an electronically biased migratory insertion into the Pd–S bond to install the sulfur at the more 
electrophilic carbon. Upon protodemetalation, the Markovnikov hydrothiolation adduct is released, with 
the regeneration of a Pd–sulfide complex (Scheme 1.23).  
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Scheme 1.23: Proposed mechanism for the hydrothiolation of enol ethers and vinyl lactams 
 
An Outlook on the Hydrothiolation of Alkenes 
The three examples above are, to my knowledge, the only three examples of transition-metal 
catalyzed Markovnikov-selective hydrothiolations of double bonds, demonstrating a significant gap in the 
selective formation of thioethers from alkenes. Here to, there are no reported examples of hydrothiolation 
reactions with electronically unactivated olefins. 
1.3: Our Approach 
 In the Hull group, our attention is focused on the development of atom-economical and 
environmentally sustainable C–X bond forming reactions. Toward this goal, we envisioned an allyl-
directed hydrofunctionalization method for the regioselective addition of X–H bonds across olefins. Our 
initial design featured a tethered Lewis basic functionality at the allylic position of a terminal olefin, which 
we reasoned would increase the binding aptitude of an otherwise unreactive olefin and would additionally 
control the regioselectivity of olefin functionalization (Scheme 1.24). Starting with a κ-2 bound olefin (A), 
nucleophilic attack at the internal olefinic carbon will immediately form a 5-membered metallacycle (B); 
whereas, nucleophilic attack at the terminal position would subsequently form a 4-membered metallacycle 
(D). The 5-membered metallacycle is both thermodynamically and kinetically more favored; thus, we 
hypothesized that the Markovnikov product would be preferentially formed following either protolytic 
cleavage or proton transfer then reductive elimination. Beyond inducing regioselectivity, the 5-membered 
metallacycle precludes β-hydride elimination by prohibiting the necessary syn-periplanar geometry 
between the [M] and the C–H bond.  
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Scheme 1.24: Proposed catalytic cycle for the hydrofunctionalization of N-allyl amines 
 
 We first attempted the application of this system with amine nucleophiles for a hydroamination 
reaction of allyl-functionalized olefins. To our delight, we found that the [Rh]-catalyzed hydroamination 
of allyl imines with cyclic, secondary amine nucleophiles proceeded in moderate to excellent yields with 
high degrees of regioselectivity (Scheme 1.25).30 High functional group tolerance was demonstrated with 
yields up to 98% and diastereoselectivities >20:1 when R3 ≠ H.  
Scheme 1.25: Previous report on Markovnikov-selective hydroamination of N-allyl amines 
 
We hypothesized that a similar approach may allow for the Markovnikov-selective hydrothiolation 
of electronically non-activated allyl amines and imines to afford 1,2-amino- and iminothioethers, 
respectively. The 1,2-N,S- moiety is commonly found in modern pharmaceuticals31 (Scheme 1.26, a) and 
as bi-dentate ligands for palladium-catalyzed allylic substitution reactions32 (Scheme 1.26, b). However, 
thus far, the incorporation of these moieties has, in many cases, depended on pre-installed functionality 
from ephedrine and cysteine, limiting substitution patterns for derivatization along the carbon skeleton. 
The development of a more general and modular method for the synthesis of 1,2-aminothioethers may 
enable broader applicability of this moiety with increased structural diversity.  
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Scheme 1.26: Relevant compounds containing a 1,2-aminothioether functionality 
 
1.4: Results and Discussion 
Our initial attempt at the Rh-catalyzed hydrothiolation of alkenes explored the use of thiophenol 
under our previously optimized conditions for the hydroamination reaction. Excitingly, we found that allyl 
imine 1a and secondary allyl amine 2a act as directing groups, affording the Markovnikov-selective 
hydrothiolation products, albeit in trace quantities, as detected by GC analysis (Scheme 1.27) 
Scheme 1.27: Initial reactivity under previously reported conditions 
 
 
Upon thorough optimization (see SI for more information), we found that increasing catalyst 
loading and temperature in a non-polar solvent, led to the formation of 3a in 66% yield from amine 2a with 
>20:1 selectivity for the Markovnikov isomer (Scheme 1.28, entry 7). To our surprise, in the course of our 
optimization, we observed that the regioselectivity of the directed hydrothiolation of allyl amines is dictated 
by the ligand employed. As seen in Scheme 1.28, ligands with smaller bite angles (entries 1-3) are selective 
for the anti-Markovnikov hydrothiolation product. Alternatively, those with larger bite angles favor the 
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Markovnikov isomer (entries 4-8). A similar trend is observed when allyl imines are employed (see SI for 
more information). Control reactions indicate that the regioisomeric transformations are rhodium-catalyzed 
(see SI for more information), suggesting it is a change in mechanism, based on the ligand employed, that 
allows for a catalyst-controlled, regiodivergent hydrothiolation reaction.  
Scheme 1.28: Effect of bidentate phosphine ligand on the Rh-catalyzed hydrothiolation reaction 
 
entry ligand n
a yield 3ab yield 3ab 
1 dppbz 83° <1% 3% 
2 dppe 85° <1% 7% 
3 dppp 86° <1% 19% 
4 dppb 99° 12% <1% 
5 dpppent  31% <1% 
6 dpph  32% <1% 
7 DPEphos 102° 66% <1% 
8 L1 168° 21% <1% 
 
a Natural bite angle (βn), as defined by the preferred chelation angle based on the ligand backbone and not on the metal valence 
angle.33 b Yield determined by comparison to an internal standard using gas chromatography. 
Next, our efforts focused on exploring the scope and limitations of the Markovnikov-selective 
hydrothiolation reaction. We found that increasing catalyst loading, thiol equivalents, and time led to a 
more general reaction scope (see SI for more information). Further, the addition of 0.5 equivalents of LiBr 
increases the yield, potentially a consequence of suppressed product inhibition or an effect of a more active 
rhodium-bromide intermediate following salt metathesis.  
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Scheme 1.29: Markovnikov-selective hydrothiolation of allyl imines and secondary allyl amines 
 
a  Isolated yields are reported as an average of two runs. b >20:1 regioselectivity is observed, as determined by NMR 
or GC analysis of the crude reaction mixtures. c Reaction conditions: (i)[Rh(cod)Cl]2 (0.012 mmol, 3.0 mol %), L1 
(0.03 mmol, 7.5 mol%), LiBr (0.2 mmol, 0.5 equiv), toluene (2 M), allyl imine 1 (0.4 mmol, 1 equiv), and thiol (2.0 
mmol, 5.0 equiv) at 80 °C for 24 h. (ii) NaBH4 (0.6 mmol, 1.5 equiv), MeOH, 0 °C to rt for 2 h. d Reaction conditions: 
[Rh(cod)Cl]2 (0.012 mmol, 3.0 mol %), DPEphos (0.03 mmol, 7.5 mol%), LiBr (0.2 mmol, 0.5 equiv), toluene (2 M), 
allyl amine 2 (0.4 mmol, 1 equiv), and thiol (2.0 mmol, 5.0 equiv) at 80 °C for 24 h. e 100 °C.  f 48 h, 7.0 equiv PhSH. 
g 48 h. 
As demonstrated in Scheme 1.29, secondary amines and imines are excellent directing groups for 
hydrothiolation, affording 1,2-aminothioethers in good yields (38-82%) with excellent regioselectivity 
(>20:1 in all cases). Notably, the ligand employed is dependent on the substrate, i.e., with imines, higher 
yields are observed with L1 (see SI for more information); whereas DPEphos affords higher yields when 
starting with a secondary amine (Scheme 1.28). The imine products are not stable to column 
chromatography; thus, these compounds are isolated by immediate reduction to the corresponding 1,2-
aminothioether. Notably, these products can also be accessed through a three-component procedure, i.e. 
starting with p-methoxybenzaldehyde and allyl amine, a one-pot imine condensation and in-situ 
hydrothiolation reaction with thiophenol yielded 3a in 58% isolated yield following reduction with NaBH4 
(Scheme 1.30). 
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Scheme 1.30: In-situ generated imine reactivity  
 
 A variety of functional groups are well-tolerated, including p- and o-substituted ethers (3a, 3e), a 
tertiary amine (3b), an aryl bromide (3f), and an ester (3g). Heterocycles, including thiophene, furan, and 
N-methyl pyrrole afforded good yields of the Markovnikov hydrothiolation products 3i-3k. Aliphatic amine 
2l is also readily hydrothiolated in 65% yield. In general, decreasing the electron density on benzyl-
substituted allyl amines decreases reactivity but not selectivity (3g, 3h), likely due to reduction of Lewis 
basicity of the directing group. Similarly, increasing the steric hindrance proximal to the secondary amine 
moderately reduces the yield of 3m to 58%. Likewise, substitution at the α-position of the secondary allyl 
amine consequently results in poor conversion to the hydrothiolation product (<5%). Unfortunately, this 
reaction is also limited to terminal alkenes, as both 1,1- and 1,2-disubstitued alkenes afforded <5% of the 
desired product. 
A variety of thiophenol derivatives are tolerated under the reaction conditions, including electron-
rich (3n), sterically encumbered (3o), and electron-poor (3q) thiophenols. Additionally, this methodology 
proved general for both cyclic aryl and alkyl thiols, as cyclopentane and cyclohexane thiol are effective 
nucleophiles for the hydrothiolation reaction (3r-3s). However, linear thiols (e.g. ethane thiol, octane thiol) 
do not participate in the reaction. 
To our delight, primary amines are also effective directing groups for the Rh-catalyzed 
hydrothiolation reaction. In addition to simple allyl amine, as seen in Scheme 1.31, both aromatic and 
aliphatic substituted allyl amines proceed to afford anti-1,2-aminothioethers in good to excellent yields as 
a single diastereomer (>20:1 in all cases). The absolute configuration of 5c was determined by X-ray 
crystallography (See SI for more information). When enantiomerically-enriched 4b was employed, the 
stereochemical information remained with >99% enantiospecificity, suggesting that the Rh-catalyst does 
not isomerize to the allylic position (See SI for more information).  
We next explored the anti-Markovnikov hydrothiolation of allyl amine derivatives as a 
demonstration of the catalyst-controlled regiodivergent reaction. Although the regioselective synthesis of 
linear C–S bonds from olefins has been demonstrated for over a century with both activated and non-
activated substrates via the thiol-ene reaction, the synthetic versatility and mechanistic implications of a 
regiodivergent pathway is both advantageous and intriguing. Gratifyingly, both secondary and primary 
amines afford 1,3-aminothioethers in fair to very good yields (37-74%)  when dppbz is employed as the 
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ligand (Scheme 1.32). Secondary and substituted primary allyl amine substrates afforded the anti-
Markovnikov product as a single constitutional isomer (>20:1 a-M:M). Notably, when allyl amine is 
subjected to the reaction conditions both isomers are observed in a 5.5:1 ratio of 5e':5e. Unlike the 
Markovnikov-selective conditions, these reactions are limited to thiophenol nucleophiles. Note: The 
isolation and characterization of the compounds in Scheme 1.32 were completed by Gregory D. Kortman.  
Scheme 1.31: Markovnikov-selective hydrothiolation of primary allyl amines 
 
a-b See Scheme 1.29. c Diastereoselectivities were determined by GC analysis of the crude reaction mixtures. d Reaction 
conditions: [Rh(cod)Cl]2 (0.009 mmol, 3.0 mol %), dpph (0.023 mmol, 7.5 mol%), LiBr (0.15 mmol, 0.5 equiv), 
toluene (2M), allyl amine 4 (0.3 mmol, 1 equiv), and thiol (1.5 mmol, 5.0 equiv). e When starting with enantiomerically 
enriched 4a. f Isolated following boc-protection. 
Scheme 1.32: Anti-Markovnikov-selective hydrothiolation of allyl amines 
 
a-b See Scheme 1.29. c Reaction conditions: [Rh(cod)Cl]2 (0.012 mmol, 3.0 mol %), dppbz (0.030 mmol, 7.5 mol, 
toluene (2.0 M), allyl amine 2 or 4 (0.40 mmol, 1.0 equiv), and thiol (2.0 mmol, 5.0 equiv). d Starting with 
enantiomerically enriched 4a. e Isolated following boc-protection. f  A regioselectivity of 5.5:1 5e':5e was observed by 
1H NMR analysis of the crude reaction mixture.   
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We hypothesize that the change in regioselectivity is an effect of diverging coordination spheres 
and consequently, preferential Rh–S or Rh–H insertion to afford branched or linear isomers, respectively. 
We are currently investigating the coordination mode of the complexes formed with small and large bite-
angle ligands and how those factors might affect the mechanistic divergence;34 however, we have 
performed several experiments that offer key insight into each catalytic cycle.   
1.5: Mechanistic Investigations 
Our initial mechanistic studies focused on the Markovnikov-selective hydrothiolation reaction. 
Stoichiometric investigations of [Rh(cod)Cl]2, DPEphos, and 4-methoxythiophenol in THF-d8 revealed a 
Rh–H resonance at –17.2 ppm (dt, J = 19.4, 18.1) in the 1H NMR (Scheme 1.33). This observation indicates 
that the Rh complex can undergo oxidative addition into the PhS–H bond to afford a Rh(III) intermediate 
with the hydride cis to both phosphines. Note: The Rh–H studies were completed by Gregory D. Kortman.  
Scheme 1.33: Highlighted 1H NMR demonstrating Rh-H complex with DPEphos 
  
We next explored kinetic isotope effects (KIE) under the Markovnikov-selective hydrothiolation 
conditions. Initial rate KIE experiments performed with deuterated thiophenol (75 %-d1) are consistent 
with a primary KIE (kH/kD = 2.8) (Scheme 1.34). Competition experiments afford a more pronounced KIE 
of 5.66 (Scheme 1.35). Note: The competition KIE experiment was completed by Gregory D. Kortman. 
The KIE experiments are consistent with X–H bond breaking/forming at or before the turnover limiting 
step. Further, in the competition KIE studies, deuterium is incorporated exclusively at the terminal carbon, 
indicating that β-hydride elimination is not occurring after olefin insertion. Combined, this data is 
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consistent with (i) reversible oxidative addition into the PhS–H/D bond followed by (ii) olefin coordination 
and a subsequent (iii) slow olefin insertion into the Rh–S bond and finally, (iv) fast reductive elimination 
to form the C–H/D bond (Scheme 1.36). As discussed above, transition metal-catalyzed hydrothiolations 
of alkynes and allenes with group 9 metals are thought to occur through similar oxidative 
addition/insertion/reductive elimination steps.  
Scheme 1.34: Markovnikov-selective hydrothiolation initial rate KIE studies 
 
 
Calculation of KIE: 
0.074 ±  0.006 =  0.75𝑥 +  0.25(0.143 ± .014) 
0.75𝑥 = (0.074 ±  0.006) − (0.036 ± 0.0035) 
0.75𝑥 = 0.038 ±  √0.0062 + 0.00352  
𝑥 =  
0.038 ± 0.0069
0.75
 
𝑥 = 0.51 ± 0.009 = 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑖𝑛𝑖𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑢𝑡𝑒𝑟𝑜 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 (𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 25% 𝑃ℎ𝑆𝐻) 
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Scheme 1.35: Markovnikov-selective hydrothiolation competition KIE studies 
 
Scheme 1.36: Possible interpretation of initial rate KIE experiments for Markovnikov hydrothiolation 
 
We next performed similar investigations on the anti-Markovnikov-selective reaction. When 
[Rh(cod)Cl]2, dppp (employed for its increased solubility relative to dppbz), and 4-methoxythiophenol are 
combined in THF-d8 in the presence of Bn2NH (added to act as a surrogate for the allylic amine substrate), 
a Rh–H resonance is observed at –13.63 ppm (dt, J = 16.1, 11.2 Hz, 1H) in the 1H NMR spectrum (Scheme 
1.37). Again, this demonstrates that oxidative addition can occur into the PhS–H bond and that the Rh(III) 
hydride generated is cis to both phosphines. Note: The Rh–H studies were completed by Gregory D. 
Kortman. 
Scheme 1.37: Highlighted 1H NMR demonstrating Rh-H complex with dppp 
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Additionally, under anti-Markovnikov conditions, when PhS–D is employed in intermolecular 
competition studies, extensive deuterium incorporation into each olefinic position of the recovered start-
ing material is observed (Scheme 1.38). While this precluded us from determining a competition KIE, the 
extensive deuterium incorporation indicates a reversible insertion of the Rh–H/D into the olefin (Scheme 
1.39). Note: The competition KIE experiment was completed by Gregory D. Kortman. 
Scheme 1.38: Anti-Markovnikov-selective hydrothiolation intermolecular competition KIE studies 
  
Scheme 1.39: Reversible olefin insertion is consistent with deuterium incorporation into starting material 
 
To measure a KIE under anti-Markovnikov conditions, we performed initial rate KIE experiments 
comparing the reactivity of thiophenol to deuterated thiophenol (75 %-d1). Under these conditions, an 
inverse KIE was observed (kH/kD = 0.75 ± 0.15) (Scheme 1.40), suggesting that X–H bond making or 
breaking does not influence the rate of the reaction. Rather, an equilibrium isotope effect explains the 
observed inverse KIE, an effect of the reversible olefin insertion of the Rh–H/D bond. As illustrated in 
Scheme 1.41, under pre-equilibrium conditions, the rate of product formation is affected by the equilibrium 
between the [LnRhCl] and C. The stronger C–D bond, relative to the C–H bond, will increase the 
concentration of the C-d2 relative to C-d1 relative to C by decreasing the ∆G. Given the higher concentration 
of C-d2, this species will undergo reductive elimination faster than C-d1, which will be faster than C. 
Combined, these observations are consistent with (i) oxidative addition into the PhS–H/D, (ii') olefin 
coordination, and (iii') rapid, reversible migratory insertion into the Rh–H/D bond, followed by (iv') slow 
reductive elimination to form the C–S bond.  
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Scheme 1.40: Anti-Markovnikov-selective hydrothiolation initial rate KIE studies 
 
Calculation of KIE: 
0.064 ±  0.005 =  0.75𝑥 +  0.25(0.051 ±  0.005) 
0.75𝑥 = (0.064 ±  0.005) − (0.013 ± 0.001) 
0.75𝑥 = 0.051 ± √0.0052 + 0.0012  
𝑥 =  
0.051 ± 0.006
0.75
 
𝑥 = 0.068 ± 0.007 = 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑖𝑛𝑖𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑢𝑡𝑒𝑟𝑜 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 (𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 25% 𝑃ℎ𝑆𝐻) 
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Scheme 1.41: Rationale of the observed inverse KIE under anti-Markovnikov conditions  
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Scheme 1.42: Comparison of the two proposed regiodivergent pathways   
  
1.6: Conclusion and Outlook 
We have demonstrated the first catalyst-controlled regiodivergent hydrothiolation of electronically 
non-activated alkenes for the selective synthesis of 1,2- and 1,3-aminothioethers. The reactions are chemo, 
regio-, and stereoselective. Initial mechanistic investigations suggest that the two catalytic cycles are both 
occurring via oxidative addition into the RS–H bond, but that large bite angle ligands favor insertion into 
the Rh–SR bond while small bite angle ligands favor insertion into the Rh–H bond (Scheme 1.42). The 
mechanism of both transformations and the source for the observed regiodivergence is currently under 
investigation. Additionally, future studies will focus on expanding to alkenes lacking a directing group and 
rendering the Markovnikov-selective reaction asymmetric.  
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CHAPTER 2 
 
Enantioselective Hydroamination of Allyl Amines 
2.1: Introduction 
The hydroamination of olefins, i.e., the addition of an N–H bond across a C–C double bond, offers 
an elegant and 100% atom-economical approach to amines in a single step from readily available starting 
materials.35 This powerful synthetic tool holds the potential of accessing a wide range of extremely 
ubiquitous pharmaceutically active molecules.36 While seemingly simple, however, the direct addition of 
amines to olefins is impeded by the high activation barrier associated with the electrostatic repulsion 
between the incoming nitrogen lone pair and the π-bond of the olefin.37 To overcome this challenge, 
chemists have turned to transition-metal catalysis. This not only makes these reactions more feasible, but 
also provides an opportunity to control the regioselectivity of the reaction. On one hand, the anti-
Markovnikov amination of olefins provides access to linear amines, a common motif in biologically-active 
molecules (see chapter 3); however, precludes the generation of an asymmetric C–N bond (Scheme 2.1, 
left). Meanwhile, the Markovnikov addition of amines to olefins affords α-branched amine products while 
introducing an α-stereocenter (Scheme 2.1, right).  
Scheme 2.1: Markovnikov and anti-Markovnikov hydroamination  
 
While significant progress has been made in the last two decades for the regioselective 
hydroamination of olefins, the transition-metal catalyzed intermolecular hydroamination of non-activated 
olefins remains extremely challenging.38 Thus, it is not surprising that the asymmetric variant of the 
Markovnikov hydroamination reaction is one of the most elusive goals in contemporary catalysis.39 In fact, 
the 2005 ACS Green Chemistry Institute Pharmaceutical Roundtable, composed of seven of the preeminent 
pharmaceutical companies, deemed the asymmetric hydroamination of olefins an “aspirational reaction”, 
i.e. “a reaction that companies would like to use, if they were available, as they offer cleaner synthetic 
approaches to the current art.” 40 Herein, a review of the current state-of-the-art approaches to asymmetric 
hydroamination is presented. Thereafter, our extremely optimistic initial results on the asymmetric 
hydroamination of allyl amines is presented.  
2.2: Literature Review 
Following the pioneering work of Milstein and co-workers on the Ir-catalyzed hydroamination of 
norbornene41, Togni published the seminal report on the intermolecular asymmetric hydroamination 
reaction in 1997.42 Namely, the authors demonstrated that in the presence of Ir-BINAP and -biphemp based 
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catalysts, the addition of aniline to norbornene proceeded in low yields with good enantioselectivity 
(Scheme 2.2). Interestingly, both the yield and selectivity dramatically increased when Schwesinger’s 
“naked” fluoride source, {N[P(NMe2)3]2}+F-, was added. Notably, enantiomeric induction was also 
achieved with Josi-Phos ligands, albeit in decreased enantioselectivities. While this report played an 
undoubtedly key role in the development of asymmetric hydroamination, it depended on the reactivity of a 
strain-activated bicyclic substrate, and even so, a combination of good yield and good enantioselectivity 
could not be achieved. Consequently, chemists soon turned to other activated olefins.  
Scheme 2.2: The seminal report on the intermolecular asymmetric hydroamination reaction  
 
Namely, Hartwig and co-workers pioneered the [Pd]-catalyzed Markovnikov-selective asymmetric 
hydroamination of styrenes43 and 1,3-dienes44, which upon nucleopalladation, form stabilized π-benzyl and 
π-allyl intermediates, respectively. The Markovnikov addition of aniline to vinyl arenes was achieved with 
[(R)-(BINAP)]Pd-(OTf)2 for the formation of optically active N-1-(aryl)ethyl-N-phenylamines in up to 81% 
ee (Scheme 2.3). The authors suggest that the reaction proceeds through (i) insertion of styrene into a 
palladium hydride bond, followed by (ii) outersphere nucleophilic attack of the amine on a η3-benzyl 
intermediate.45 Notably, this reaction was extended to asymmetric hydroamination with alkyl amine 
nucleophiles; however, only modest yield and enantioselectivity were demonstrated (Scheme 2.4).  
Scheme 2.3: Asymmetric hydroamination of vinyl arenes with aniline 
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Scheme 2.4: Asymmetric hydroamination of vinyl arenes with alkyl amines  
 
The enantioselective addition of aniline to 1,3-cyclohexadiene was reported with a naphthalene-
derivative of Trost’s ligand in the presence of [Pd(π-allyl)Cl]2 (Scheme 2.5). Electron-withdrawing and 
electron-donating anilines were shown to react under the conditions to afford yields up to 87% and 
enantioselectivities up to 95%.   
Scheme 2.5: Asymmetric hydroamination of 1,3-dienes  with alkyl amines  
 
Until recently, chemists have depended on these types of activated substrates to achieve only 
moderate enantiomeric induction for the intermolecular asymmetric hydroamination reaction. In addition 
to norbornene, styrene, and 1,3-diene systems, chemists have employed electron-withdrawn olefins, 
including α,β-unsaturated amides and nitriles to achieve asymmetric aza-Michael reactions, a formal 
hydroamination reaction.46 Notably, in 2010, the Hultzsch group reported the asymmetric hydroamination 
of unactivated alkenes with simple amines using a BINOL-based yttrium catalyst.47 However, while good 
yields were observed, only moderate enantioselectivities were achieved (Scheme 2.6).  
Scheme 2.6: Asymmetric hydroamination of unactivated alkenes with a yttrium catalyst  
 
Encouraged by the dearth of asymmetric hydroamination reactions of unactivated olefins, the 
Buchwald group recently reported a groundbreaking asymmetric formal hydroamination reaction of 
internal olefins using in situ generated Cu-hydride catalysis for the formation of highly enantioenriched α-
branched amines (Scheme 2.7).48 In particular, the authors use (S)-DTBM-SEGPHOS to add a wide range 
of electron-rich and electron-poor hydroxylamine esters across trans-4-octene (a bulk commodity 
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chemical) with high degrees of functional group tolerance. Additionally, a variety of abundant and 
commercially available internal olefins were suitable substrates for the asymmetric hydroamination 
reaction. Moreover, when unsymmetrical internal olefins were subjected to the reaction conditions, the 
authors observed moderate to good degrees of regioselectivity, with each regioisomer formed in nearly 
optically pure form.  
Scheme 2.7: Asymmetric hydroamination using Cu–H catalysis  
 
The authors propose the following mechanism for the transformation: (i) the generation of a Cu–
H intermediate via transmetallation with a hydrosilane, (ii) an enantioselective Cu–H addition to the olefin, 
followed by (iii) electrophilic interception of the transient alkylcopper species with the hydroxylamine ester 
to generate the chiral amine, and finally, (iv) regeneration of the Cu–H intermediate by the stoichiometric 
hydrosilane (Scheme 2.8).  
Scheme 2.8: Mechanism of Cu-catalyzed hydroamination 
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This work has undoubtedly caused a paradigm shift in asymmetric hydroamination methodology49, 
however, it does leave some unmet synthetic goals. Namely, (1) the reactions require the use of electrophilic 
hydroxylamine O-benzoates, increasing synthetic overhead and decreasing the atom economy of the 
reaction, (2) when terminal olefins are employed, anti-Markovnikov reactivity is observed50, precluding 
the formation of a chiral C–N bond, and (3) an excess of olefin is required. 
2.3: Our Approach  
We recognized that our approach to Markovnikov-selective hydrofunctionalization (Chapter 1 and 
Scheme 2.9) could alleviate these challenges and provide a complementary approach to Cu-catalyzed 
asymmetric hydroamination.  
Scheme 2.9: Our Approach to Hydroamination 
 
Toward this goal, we collaborated with the Catalysis Group and the High Throughput Screening 
Facility at Merck and Co. to screen a library of >450 chiral ligands for the reaction between allyl amine 1a 
and morpholine. We have summarized the reactivity of a diverse range of chiral ligands in Scheme 2.10. 
Namely, JosiPhos ligands L1-L3 proceeded with moderately good conversion; however only mediocre 
enantioselectivities were obtained. Notably, ferrocene-based (R)-FeSulPhos (L4) promoted enhanced 
selectivities relative to the L1-L3. While JosiPhos L5 induced high degrees of enantioselectivity, poor 
conversion was observed. This might be a result of the increased steric bulk on both phosphorus 
substituents, consistent with the no conversion observed with JosiPhos L6. Phosphoramidite L7 proceeded 
with poor conversion and nearly no stereoinduction. Alternatively, enantioselectivities and yields were both 
moderate with diphosphine ligands L8-L10. Excitingly, we found that QuinoxP* (L11) promotes the 
asymmetric hydroamination reaction with nearly perfect enantioselectivity; however a large unknown 
byproduct was observed. The investigation of axial chiral ligands, including L12-L14 provided good to 
excellent conversion to product with excellent degrees of enantioselectivity. WalPhos derivative L15 also 
provided excellent enantioselectivity; however, was inhibited by poor conversion to product. Considering 
the relatively good conversion to product and excellent enantioselectivity observed with BIPHEP-type 
ligand 12, we proceed in our optimization with this ligand. Note: The high throughput ligand screens were 
overseen by Dr. Danielle Schultz (Merck). Additionally, Leo Joyce (Merck) assisted with the analysis of 
the crude reaction mixtures by chiral SFC.  
 33 
 
 
Scheme 2.10:  Chiral Ligand Exploration 
  
Gratifyingly, upon scale up of the reaction with Rh(cod)2BF4 and L12, morpholine added across 
the double bond of allyl amine 1a with excellent degrees of regio- and enantioselectivity in 51% isolated 
yield (Scheme 2.11). We were initially interested in lowering the catalyst loading of the reaction, and we 
hypothesized that the concentration would have a significant influence on the conversion at lower catalyst 
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loadings. Therefore, we screened a variety of catalyst loadings at both 1.0 and 4.0 M. Indeed, we observed 
increased reactivity at higher concentrations, such that the catalyst loading could be decreased. However, 
unfortunately, with higher concentration of dioxane, the enantioselectivity of the reaction decreased 
(Scheme 2.12). The solvent effects on the asymmetric hydroamination reaction are on-going.  
Scheme 2.11: Initial reactivity with L12 
 
Scheme 2.12: Initial reaction optimization  
 
2.4: Conclusion and Outlook 
 The asymmetric hydroamination of non-activated olefins is currently one of the most sought-after 
and elusive reactions in method development and catalysis. We have discovered a MeO-BIPHEP-type 
ligand that promotes the hydroamination reaction in moderate yield with excellent enantioselectivity. Our 
current efforts are focused on decreasing catalyst loading and demonstrating this asymmetric 
hydroamination reaction on a variety of electronically non-activated allyl amine derivatives with simple 
amine nucleophiles for the synthesis of chiral 1,2-diamines.  
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CHAPTER 3 
 
Anti-Markovnikov Oxidative Amination of Terminal Olefins 
3.1: Introduction  
In addition to hydroamination reactions, metal-catalyzed oxidative aminations of olefins represent 
an efficient route toward highly ubiquitous nitrogen-based molecules.51 Both methods generally proceed 
through an aminometallation step; however, oxidative amination, also known as the aza-Wacker reaction, 
is defined by a subsequent β-hydride elimination to regenerate a degree of unsaturation (Scheme 3.1). Beller 
and co-workers published the seminal report on the catalytic intermolecular oxidative amination for the 
anti-Markovnikov amination of styrenes (Scheme 3.2).52 Subsequently, in the last decade, the Stahl group, 
among others, has pioneered the Markovnikov-selective oxidative amination reaction of simple olefins to 
form branched enamines with imide nucleophiles (Scheme 3.3, left).53 As a part of our interest in the 
regiodivergent functionalization of olefins (Chapter 1) and our experience in the regioselective construction 
of C–N bonds (Chapter 2), we questioned whether the Pd-catalyzed Markovnikov-selective conditions for 
the oxidative amination of simple olefins could be altered, such that the anti-Markovnikov adduct was 
instead favored (Scheme 3.3, right). This method would be of high impact, as anti-Markovnikov amination 
reactions have been viewed as one of the major challenges in catalysis since the early 1990s.54  
Scheme 3.1: Oxidative amination reactions regenerate the olefin upon β-hydride elimination 
  
Scheme 3.2: Pioneering work by Beller on the anti-Markovnikov oxidative amination reactions  
 
Scheme 3.3: Markovnikov-selective oxidative amination of simple olefins 
 
The primary challenge in generating the anti-Markovnikov product is biasing the aminometallation 
step to afford the branched [M]–C and terminal N–C bonds. Several strategies have been successfully 
employed to promote the desired regioselectivity. One approach takes inspiration from the seminal report 
by Beller and uses activated alkenes that can form -benzyl, -allyl, or Pd-enolate intermediates (Scheme  
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Scheme 3.4: Strategies for the anti-Markovnikov aminometallation  
 
3.4, a).55 Alternatively, one can use a proximal Lewis basic group to direct regioselective functionalization 
of the alkene to afford the favored metallacycle (Scheme 3.4, b).56 Finally, the use of large nucleophiles in 
stoichiometric reactions promotes the preferential aminometallation to the less hindered carbon (Scheme 
3.4, c). This approach has been successfully employed in Pd-catalyzed Wacker oxidations with t-BuOH, 
which affords the aldehyde product upon hydrolysis. Akermark and co-workers demonstrated 
stoichiometric activity with Pd-olefin complexes and amine nucleophiles – large iPr2NH undergoes anti-
Markovnikov selective trans-aminopalladation while Me2NH favors the Markovnikov products, in 3% 
yield (>20:1 a-M:M) and 90% yield (1:7 a-M:M), respectively.57 A similar effect was observed in 
stoichiometric investigations of PPh3PtCl2(CH3CH=CH2), where Et2NH preferentially attacks the terminal 
carbon at –75 °C to afford the anti-Markovnikov product.58 However, this kinetic preference for 
aminometallation to afford the anti-Markovnikov isomer with simple aliphatic alkenes has not been 
reported in any catalytic amination reactions. 
3.2: Our Approach 
We hypothesized that the regioselectivity of oxidative amination might be dictated by the 
dichotomy between cis- and trans-aminopalladation, and that the latter is likely to access a sterically-biased 
reaction pathway. Thus, with a sterically-encumbered nucleophile (e.g. phthalimide), a trans-
aminopalladation would be kinetically biased to approach the alkene to form the less hindered C–N bond, 
leading to anti-Markovnikov functionalization (Scheme 3.5, right). However, while oxidative aminations 
have been shown to occur through both cis- and trans-aminopalladation mechanisms, phthalimide 
nucleophiles generally proceed via cis-aminopalladation (Scheme 3.5, left).59 To enforce an outer-sphere 
attack, we envisioned using excess halide to prevent coordination of the nucleophile before insertion.60 
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Scheme 3.5: Our approach to anti-Markovnikov aminometallation  
 
3.3: Results and Discussion 
Our initial investigations focused on reversing the regioselectivity of the oxidative amination 
between phthalimide and homoallyl benzene (8a) (See SI for more information). As seen in Scheme 3.6, 
subjection of 8a to known conditions solely affords the Markovnikov isomer in 88% yield. Excitingly, the 
screening of a variety of halide salts revealed that the formation of soluble tetrabutylammonium palladate 
complexes indeed erodes the regioselectivity of the aminopalladation step. In fact, the combined addition 
of 5 mol % Bu4NCl and 5 mol % Bu4NOAc led to a complete reversal of the observed regioselectivity. 
(Scheme 3.6, Entry 3). Interestingly, rather than forming the enimide product, which is typically observed 
Scheme 3.6: Effect of Bu4NX salts on the regioselectivity
a,b  
 
entry Equiv 3a mol % Bu4NOAc mol % Bu4NCl T Total Yield (%) Yield 9a (%) a-M/M 
1c 6 0 0 60 88  0 <1 
2 c 6 5 5 60 15 3 <1 
3 6 5 5 60 47 18 1 
4 6 10 20 60 47 30 4 
5 d 6 10 20 60 66 52 9 
6 d 6 10 20 80 79 56 4 
7 d 2 10 20 80 86 62 4 
8 d 2 15 25 80 75 60 8 
9 d,e 2 30 50 80 71 58 36 
10 d 2 20 30 80 24 21 130 
a Total yield of all stereo- and constitutional isomers was determined by GC analysis of the crude reaction mixture. The yield of 
4a’ is given in parenthesis. b Conditions: olefin, amine nucleophile (0.10 mmol), Pd(OAc)2 (0.005 mmol), NBu4Cl (0.025 mmol), 
NBu4OAc (0.015 mmol), DMA (1.0 M), and a balloon of O2 (1 atm) at 80 °C for 24 h. c PhCN used as solvent d 5 Å MS (50 mg) 
added e 10 mol % Pd(OAc)2 . 
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as the major product in aza-Wacker reactions, an iterative β-hydride elimination and re-insertion process 
occurs to afford the thermodynamically more stable styrenyl isomer 9aꞌ (>20:1 E:Z). This is notable because 
the enimide products typically obtained from the oxidative amination reaction are not amenable to 
deprotection, whereas this transformation offers a general strategy to access more useful synthetic 
intermediates while additionally generating a Csp3 –N bond (Scheme 3.7).   
Scheme 3.7: Redox-relay isomerization occurs away from the newly formed C–N bond 
 
We found that further increasing the amount of Bu4NCl and Bu4NOAc to 10 and 20 mol %, 
respectively, dramatically increased the selectivity of the reaction (entry 4). Subsequently, the addition of 
5 Å Molecular Sieves increased reactivity. Though increasing the temperature of the reaction boosted the 
overall yield, we observed a significant decrease in the selectivity (entry 6). However, as we were able to 
maintain these higher yields while re-establishing the good selectivity by lowering the olefin equivalents 
(entry 7) and only slightly increasing the equivalents of Bu4NCl and Bu4NOAc (entry 8), the increase in 
temperature was worthwhile. Notably, excellent selectivity for the linear isomer can be obtained by 
doubling the amount of Pd(OAc)2, Bu4NCl, and Bu4NOAc; however, as the yield of the major isomer does 
not improve, we felt that this dramatic increase in catalyst loading was unnecessary (entry 9).  
Scheme 3.8: Oxidative amination of aryl-tethered olefinsa,b  
 
a Isolated yields are reported as an average of two runs. b Determined by GC analysis of the crude reaction mixture. c Conditions: 
olefin (1.0 mmol), amine nucleophile (0.5 mmol), Pd(OAc)2 (0.025 mmol), NBu4Cl (0.125 mmol), NBu4OAc (0.075 mmol),  5 Å 
MS (250 mg), DMA (1.0 M), and a balloon of O2 (1 atm) at 80 °C for 24 h. d See Scheme 3.11 for conditions. 
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With the optimized conditions in hand, we focused on exploring the scope of the reaction. Namely, 
we were interested in exploring the dependence on the tether linkage between the aryl group and the olefin 
and the electronic influence of the aryl group on selectivity. We found that there was no effect on the 
selectivity of the reaction with differing electronic substitution on the aryl group when n=2 (Scheme 3.8, 
9a-9c). However, when n=1 (9d-9f), we observed decreased regioselectivity with electron-rich aryl groups; 
e.g., 9e, with a p-OMe substituent is observed with only 9:1 a-M:M selectivity; while 9f, with a p-CF3 
substituent is formed with >20:1 a-M:M selectivity. The electronic influence suggests that the polar 
dichotomy of the olefin influences the regioselectivity of the aminopalladation. We hypothesize that this 
effect is heightened as the aryl group is brought closer to the olefin and that the drop in yield is an effect of 
increased steric hindrance during the aminopalladation step. Notably, good selectivities were observed in 
the reactions of allyl benzenes without the addition of Bu4NOAc. Note: Compounds 9b and 9c were isolated 
and characterized by Samuel N. Gockel and Daniel G. Kohler, respectively.  
The reactions of 9a-9f yield a mixture of constitutional and stereoisomers (Scheme 3.9). To 
eliminate the complexity of the product mixture and to further electronically polarize the reactive olefin, 
we considered homoallyl alcohols as an ideal substrate class. The alcohol should increase regioselectivity 
via an inductive withdrawing effect and the redox relay process should thermodynamically-driven toward 
the resulting 4-aminoketones. 
Scheme 3.9: Complex product distribution with homoallyl benzene substrates 
 
Excitingly, when homoallyl alcohol 10a is combined with phthalimide in the presence of 5 mol % 
Pd(OAc)2 and 20 mol % Bu4NCl, a 77% yield of 11a is observed. The regioselecitivty was indeed enhanced, 
as the anti-Markovnikov product was favored in a 30:1 ratio. Given the presence of the electron 
withdrawing alcohol, Bu4NOAc is no longer required to achieve excellent levels of selectivity in most cases. 
Additionally, the redox-relay process occurred to exclusively generate the ketone product; i.e., no enimide 
or allyl imide was observed with either constitutional isomer. It is also notable that this ambient pressure 
aerobic oxidation reaction is readily scalable, as 11a was isolated in 75% yield on 0.5 mmol scale and 77% 
yield on 5.0 mmol scale. Note: The initial reactivity and scale-up of homoallyl benzene 10a was performed 
by Daniel G. Kohler.  
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Scheme 3.10: Reactivity of homoallyl alcohol 10a 
 
Scheme 3.11: Anti-Markovnikov selective oxidative amination reactiona,b,c 
 
a General reaction conditions: olefin (0.50 mmol), amine nucleophile (0.55 mmol), Pd(OAc)2 (0.025 mmol), NBu4Cl (0.10 mmol), 
5 Å MS (250 mg), DMA (1.0 M), and a balloon O2 (1 atm) at 80 °C for 24 h. b Isolated yield of the anti-Markovnikov isomer. c a-
M:M ratios determined by GC analysis of the crude reaction mixture. d 5 mol % Bu4NOAc was added 
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Next, we sought to explore scope of the reaction in terms of amine nucleophiles which undergo 
this redox-relay aza-Wacker reaction. Cyclic, acidic amine nucleophiles, including phthalimide, 
succinimide, saccharine, and 4-nitrophthalimide were all effective under the reaction conditions, affording 
12a-14a in good to very good yields.  
The olefin scope was also investigated to determine the functional group tolerance. Fortunately, 
the reaction is tolerant of a variety of functionalities; namely, an ether (11b), a triflate (11f), a chloride 
(11g), trifluoromethyl groups (11h, 11i), an α,β-unsaturated ketone (11l), heterocycles (11j, 11k), and a 
silyl protected aliphatic alcohol (11p). Unfortunately, substrates with free primary alcohols do not afford 
any of the desired products, as the 1° alcohol oxidizes under the reaction conditions.  
The extent to which the electronic and steric properties of the olefin substrate affects the 
regioselectivity and the overall reactivity was also examined. Under the optimized conditions, both 
electron-withdrawing and donating groups were well-tolerated. It was found that substituting the aryl ring 
with electron withdrawing substituents (11e-11i) generally gave higher yields and regioselectivities 
compared to unsubstituted or electron-rich substrates (11a-11c). For example 11h, bearing a p-CF3 
substituent, was formed in 72% yield and 19:1 a-M:M selectivity; while 11b, bearing a p-MeO, was 
afforded in 53% yield and 14:1 a-M:M selectivity. Further, steric hindrance on the aryl ring moderately 
increases the regioselectivity of reaction, as the anti-Markovnikov product was favored with both the o-
tolyl and mesityl substrates in 14:1 and 18:1 a-M:M selectivity, respectively. Although selectivities are 
higher, the increased hindrance had a deleterious effect on the yield, as only a 31% isolated yield of 11d 
was obtained. 
Interestingly, in the case of alkyl substitution α to the alcohol, we observed high yield but 
significantly diminished anti-Markovnikov selectivity under the conditions optimized for the α-aryl 
alcohols. For example, 11n was isolated in 74% yield; however, with only 5:1 a-M:M selectivity. This is 
likely due to a diminished electron withdrawing nature of aliphatic substituents relative to aryl groups. 
Excitingly, the addition of 5 mol % Bu4NOAc restores the regioselectivity to 13:1.  
Similar to increased steric bulk on the α-aryl homoallyl alcohols, it was observed that the size of 
the aliphatic group had an impact on regioselectivity. The methyl ketone product 11m was afforded in 55% 
yield and 9:1 selectivity, whereas the pendant OTBS (11p), cyclohexyl (11n) and tbutyl (11o) products are 
obtained in 72% (10:1 a-M:M), 71% (13:1 a-M:M), and 72% (> 20:1 a-M:M) yields, respectively. 
Note: Scheme 3.11 was completed by the combined effort of myself, Daniel G. Kohler, and Samuel N. 
Gockel.  
3.4: Mechanistic Investigations 
The incorporation of an electron-withdrawing alcohol substituent generally increased the 
regioselectivity of the reaction, suggesting that it may be acting as a directing group during the 
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aminopalladation step. The reactivity of olefins with a tethered aryl group precludes the necessity of a polar 
directing group; however, does not eliminate the possibility of a necessary coordinating group pendant to 
the terminal olefin. To preclude a hydrogen-bonding activating network61, we investigated the reactivity of 
a homoallyl ether under the reaction conditions. When  15 was subjected to the previously optimized 
reaction conditions, 16 was afforded in 58% yield as a 3:1 mixture of E/Z isomers and a 4:1 mixture of 16 
to all other constitutional and stereoisomers (Scheme 3.12). These experiments suggests that the 
coordination of the alcohol to the catalyst is not necessary for an anti-Markovnikov selective 
transformation, though we cannot at this time eliminate the possibility that it is participating in the reaction. 
Note: The enol ether reactivity was investigated by Daniel G. Kohler. 
To further address this possibility, we investigated the reactivity of 1-octene. Under the reaction 
conditions, the Markovnikov product is slightly favored in a 1:1.4 a-M:M ratio (Scheme 3.13). While the 
desired anti-Markovnikov products are not the major product, there is still significant erosion of the 
Markovnikov selectivity compared to other oxidative amination conditions59, indicating that the 
coordination of a proximal functional group to the catalyst is not imperative for novel anti-Markovnikov 
selectivity.  
Scheme 3.12: Reactivity of enol ether 
 
Scheme 3.13: Reactivity of octene 
 
The dramatic selectivity difference between this transformation and that reported by Stahl and 
coworkers led us to probe whether this reaction is, in fact, going through a trans-aminopalladation 
mechanism. Subjection of (Z)-β-deuterostyrene to the standard reaction conditions affords primarily 17-d1, 
with 79% deuterium adjacent to the phthalimide and 13% next to the phenyl ring. As shown in Scheme 
3.14, the major isomer is indeed predominantly formed via trans-aminopalladation followed by β-hydride 
elimination, while the minor isomer may be the result of a series of H/D insertions/eliminations after the 
initial aza-Wacker oxidation. Note: The deuterium study was performed by Samuel N. Gockel.  
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Scheme 3.14: Deuterium study  
 
3.5: Conclusion and Outlook 
We have demonstrated a highly selective anti-Markovnikov oxidative amination reaction for the 
formation of terminal Csp3–N bonds via aminopalladation and subsequent redox relay isomerization. The 
addition of Bu4NCl to Pd(OAc)2 generates a palladate catalyst that promotes a trans-aminopalladation. A 
change in regioselectivity is observed along with the change in mechanism such that the anti-Markovnikov 
isomer is favored. Additionally, under the reaction conditions, a redox-relay isomerization occurs such that 
the thermodynamically favored olefin isomer is formed selectively. Our current efforts seek to further 
improve the anti-Markovnikov regioselectivity of simple olefins as well as develop an in-depth mechanistic 
understanding of the regioselectivity determining step. 
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CHAPTER 4 
 
Experimental  
4.1: General Experimental   
General Experimental Procedures: All reactions were carried out in flame-dried (or oven-dried at 140 
°C for at least 2 h) glassware under an atmosphere of nitrogen unless otherwise indicated. Nitrogen was 
dried using a drying tube equipped with Drierite™ unless otherwise noted. Air and moisture sensitive 
reagents were handled in a nitrogen-filled glovebox (working oxygen level <0.1 ppm).  Column 
chromatography was performed with silica gel from Silicycle (40-63 μm) mixed as a slurry with the eluent. 
Columns were packed, rinsed, and run under air pressure. Analytical thin-layer chromatography (TLC) was 
performed on pre-coated glass silica gel plates (by EMD Chemicals Inc.) with F-254 indicator. 
Visualization was by short wave (254 nm) ultraviolet light, or by staining with ninhydrin, potassium 
permanganate, or I2 on silica followed by brief heating on a hot plate or by a heat gun. Distillations were 
performed using a 3 cm short-path column under reduced pressure or by using a Hickman Still at ambient 
pressure. Basic Alumina columns were performed using activated basic alumina oxide (Borckmann Grade 
1, 58 Å, 60 mesh powder, SA 150 m2/g) purchased from Alfa Aesar.  
Instrumentation: 1H NMR, 13C NMR, and 19F were recorded on a Varian Unity 400/500 MHz (100/125 
MHz respectively for 13C) or a VXR-500 MHz spectrometer. Spectra were referenced using either CDCl3 
or C6D6 as solve nts (unless otherwise noted) with the residual solvent peak as the internal standard (1H 
NMR: δ 7.26, 13C NMR: δ 77.36 for CDCl3 and 1H NMR: δ 7.16, 13C NMR: δ 128.62 for C6D6). Chemical 
shifts were reported in parts per million and multiplicities are as indicated: s (singlet,) d (doublet,) t (triplet,) 
q (quartet,) p (pentet,) m (multiplet,) and br (broad). Coupling constants, J, are reported in Hertz and 
integration is provided, along with assignments, as indicated. Gas Chromatography (GC) was performed 
on a Shimadzu GC-2010 Plus gas chromatograph with SHRXI–MS- 15m x 0.25 mm x 0.25 μm column 
with nitrogen carrier gas and a flame ionization detector (FID). Low-resolution Mass Spectrometry and 
High Resolution Mass Spectrometry were performed in the Department of Chemistry at University of 
Illinois at Urbana-Champaign. The glove box, MBraun LABmaster sp, was maintained under nitrogen 
atmosphere.  
Materials: Solvents used for extraction and column chromatography were reagent grade and used as 
received. Reaction solvents tetrahydrofuran (Fisher, unstabilized HPLC ACS grade), diethyl ether (Fisher, 
BHT stabilized ACS grade), methylene chloride (Fisher, unstabilized HPLC grade), dimethoxyethane 
(Fisher, certified ACS), toluene (Fisher, optima ACS grade), 1,4-dioxane (Fisher, certified ACS), 
acetonitrile (Fisher, HPLC grade), and hexanes (Fisher, ACS HPLC grade) were dried on a Pure Process 
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Technology Glass Contour Solvent Purification System using activated stainless steel columns while 
following manufacture’s recommendations for solvent preparation and dispensation unless otherwise noted. 
All amines and thiols were distilled, degassed, and stored under an atmosphere of nitrogen in glove box 
before use. 
4.2: Experimental Procedures for Chapter 1 
4.2.a: Reaction Development 
Scheme 4.1: Initial Reactivity of 1a 
 
Scheme 4.2: Initial Reactivity of 2a 
 
We first proceeded in our optimization with allyl imine 1a. Below, we describe key optimization 
of the hydrothiolation reaction with allyl imines. The finalized conditions from the optimization on allyl 
imines are referred to as Conditions A throughout the SI. Following optimization with imine 1a, we checked 
the parameters with secondary amine 2a. The reaction conditions were further optimized with amine 2a to 
lower catalyst loading, as well as decrease time and thiol equivalents. These conditions are referred to as 
Conditions B throughout the SI. However, Conditions B proved to not be general (substrate scope shown 
in Table 4.12); thus Conditions A were used to demonstrate the functional group tolerance in Scheme 1.29. 
Below, we describe the optimization of imine 1a and amine 2a and show the substrate scope under 
conditions with lower catalyst loading (1 mol% [Rh]2), as well as decreased time (6 h) and thiol equivalents 
(1.5 equiv.).  
i. Select optimization of reaction conditions with imine 1a (Conditions A)  
General screening procedure of 1a 
[Rh] (X mol %), Ligand (X mol %), LiBr (X equiv.), dry solvent (100 μL), and 1a (35.46 µL, 0.20 mmol, 
1.00 equiv.) were added to 4 mL scintillation vial equipped with a stir bar in the glove box. Subsequently, 
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thiophenol (X mmol) was added. The vial was sealed with a Teflon-lined cap, brought out of the glove box 
and stirred at X ˚C for X h. The crude solution was cooled to room temperature and internal standard (1-
methylnapthalene) was added.  The mixture was diluted with MeOH and the percent yield was determined 
by GC or NMR analysis without reduction.   
General screening procedure of in-situ generated 1a 
[Rh] (X mol %), Ligand (X mol %), LiBr (X equiv.), dry solvent (100 μL), 4-methoxybenzaldehyde (30.42 
µL, 0.25 mmol, 1.25 equiv), and allyl amine (14.96 µL, 0.20 mmol, 1.00 equiv.) were added to 4 mL 
scintillation vial equipped with a stir bar in the glove box. Subsequently, thiophenol (102.68 µL, 1 mmol, 
5.0 equiv.) was added. The vial was sealed with a Teflon-lined cap, brought out of the glove box and stirred 
at X ˚C for X h. The crude solution was cooled to room temperature and internal standard was added.  The 
mixture was diluted with MeOH and the percent yield was determined by GC or NMR analysis without 
reduction. 
Table 4.1: Reactivity of monodentate phosphine ligands with 1a 
 
 
Monodentate phosphine ligands are selective for the Markovnikov isomer; however, in general, decreased 
yields were observed in comparison to bidentate phosphine ligands. Thus, we continued optimization with 
bidentate phosphine ligands.  
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Table 4.2: Reactivity of bidentate phosphine ligands with 1a 
 
 
Table 4.3: Solvent Screen on 1a 
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Table 4.4: Addition of p-methoxybenzaldehyde with 1a 
 
Table 4.5: Time and temperature screen on in-situ generated 1a 
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Table 4.6: Effect of LiBr additive on 1a 
 
Table 4.7: Catalyst loading screen on 1a 
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Table 4.8: Ligand screen on 1a 
 
Scheme 4.3: In-situ generated imine reactivity 
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Scheme 4.4: Evidence of product inhibition 
 
ii. Select optimization of reaction conditions with secondary amine 2a (Conditions B) 
General screening procedure of secondary amines 
[Rh] (X mol %), Ligand (X mol %), LiBr (X equiv.), dry toluene-d8 (100 μL), and 2a (35.42 mg, 0.20 
mmol, 1.0 equiv.) were added to 4 mL scintillation vial equipped with a stir bar in the glove box. 
Subsequently, PhSH (X mmol) was added. The vial was sealed with a Teflon-lined cap, brought out of the 
glove box and stirred at X ˚C for X h. The crude solution was cooled to room temperature and internal 
standard was added.  The mixture was diluted with MeOH and the percent yield was determined by GC 
analysis.  
Table 4.9: Thiophenol equivalents screen on 2a 
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Table 4.10: Catalyst loading screen on 2a 
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Table 4.11: Time/temperature/LiBr screen on 2a 
 
Note: From the above optimization, we employed the conditions described in Table 4.12; however, these 
conditions proved to be less general for those optimized for allyl imines. Thus, products 3a-s were also 
isolated under the reaction parameters reached from the optimization of the imines using DPEphos as the 
ligand, as shown in Scheme 1.29.   
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Table 4.12: Substrate scope with conditions optimized for secondary amine 2a (Conditions B) 
  
iii. Select optimization of reaction conditions with amine 3a  
Table 4.13: Select ligand screen on 3a 
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iv. Select optimization of anti-Markovnikov selective reaction conditions  
Table 4.14: Ligand screen on 2h  
 
Table 4.15: Thiol equivalents screen on 2a  
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Table 4.16: Ligand loading screen on 2a 
 
4.2.b: Control Reactions 
Scheme 4.5: Catalyst control reactions 
 
Note: Subjection of 1-octene under conditions for entry 9 resulted in quantitative conversion to the anti-
Markovnikov thiol-ene adduct, supporting the validity of the reaction setup and materials.   
 
 
 
 57 
 
 
Scheme 4.6: Reactivity of homoallyl amines  
 
Note: the regioselectivity of the reaction does reverse when homoallylamines are employed with dpph. 
We hypothesize that the reversal in regioselectivity is due to the kinetically favored 5-membered 
metallacyclic intermediate over the 6-membered metallacyclic intermediate.62 This substrate does not 
react in the presence of dppp or dppbz.  
Scheme 4.7: Reactivity of allyl benzene with excess thiol 
 
Scheme 4.8: Reactivity of allyl benzene with excess olefin 
 
Scheme 4.9: Reactivity of homoallyl benzene with excess thiol 
 
Scheme 4.10: Reactivity of homoallyl benzene with excess olefin 
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Scheme 4.11: Reactivity of tertiary allyl amines  
 
Note: Hydrothiolation products were not observed with dppp, dpph, L1, DPEphos, or dppbz, with a tertiary 
amine as a directing group.  
4.2.c: Mechanistic Investigations 
i. Competition kinetic isotope effect experiments and deuterium incorporation studies 
Procedure for Markovnikov hydrothiolation 
[Rh(cod)Cl]2 (5.92 mg, 0.0120 mmol, 3.00 mol %), DPEphos (16.16 mg, 0.0300 mmol, 7.50 mol %), LiBr 
(17.37 mg, 0.200 mmol, 0.500 equiv.), dry toluene-d8 (200 μL), 2a (35.4 mg, 0.200 mmol, 0.500 equiv.), 
2a-d1 (35.6 mg, 0.200 mmol, 0.500 equiv) (total 2a 0.4 mmol, 1 equiv., 50%D) were added to 4 mL 
scintillation vial equipped with a stir bar in the glove box. Subsequently, PhSD (136 μL, 1.33 mmol, 75% 
D) and PhSH (66 μL, 0.66 mmol) (total PhSH/D of 2 mmol, 5 equiv, 50% D) were added. The vial was 
sealed with a Teflon-lined cap, brought out of the glove box and stirred at 80 ˚ C for 1.5 h. The crude solution 
was cooled to room temperature, internal standard was added, diluted with C6D6 and the percent conversion 
was determined by crude NMR. The reaction mixture was then purified by silica gel chromatography (125 
mL silica loaded in 10% Et2O in CH2Cl2, and eluted with 3% NH4OH : 2 to 3% MeOH : 10 % Et2O: 84 to 
85% CHCl2 v/v prepared by extracting saturated NH4OH with CH2Cl2, removing aqueous layer, then adding 
to a solution of MeOH and Et2O). Following in-vacuo concentration, the amine was dissolved in hexanes 
and filtered through a Celite plug to remove [Rh] and afford the pure 1,2-aminothioether and recovered 2a 
which was contaminated with a slight amount of hydrogenated product. 
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Scheme 4.12: Product distribution and KIE calculation for Markovnikov hydrothiolation 
  
Calculation of kH/kD: 
𝑘𝐻
𝑘𝐷
=
%𝐻 𝐼𝑛𝑐𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
% 𝐷 𝐼𝑛𝑐𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛
 =  
0.85
0.15
 =  5.66 
note: The amine products and substrates were purified via column chromatography; therefore, deuterium 
incorporation on the amine was washed out.  
Scheme 4.13: Possible interpretation of competition KIE experiments for Markovnikov hydrothiolation 
 
This experiment is consistent with a primary KIE, where the Rh undergoes oxidative addition selectively 
with the PhS–H over the PhS–D. The lack of scrambling of the deuterium onto other carbons of the product 
suggests that -hydride elimination/reinsertion does not occur after olefin insertion. This could either be 
due to fast C–H bond forming reductive elimination or coordination of the proximal amine to the [Rh]. The 
deuterium incorporation into the starting material likely occurs off cycle, as no hydrothiolation products 
with a deuterium adjacent to the thioether are observed. 
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Figure 4.1: 1H NMR of Markovnikov deuterium incorporation experiment product after purification by 
column chromatography. Deuterium is only incorporated on the terminal position. 
 
 
Figure 4.2: 2H-NMR of Markovnikov deuterium incorporation experiment product after purification by 
column chromatography. Deuterium is only incorporated on the terminal position. 
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Figure 4.3: 1H NMR of Markovnikov deuterium incorporation experiment recovered starting material 
(labeled as 1-5) and hydrogenated starting material (labeled A-D). Trace incorporation of deuterium was 
observed in both compounds except for the internal olefin proton (3) which contains 10% D; as 
incorporation at 3 was not observed in the product, this exchange is likely occurring after the 
hydrothiolation reaction. 
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Figure 4.4: 2H NMR of Markovnikov deuterium incorporation experiment recovered starting material 
(labeled as 3-5) and hydrogenated starting material (labeled C and D). Trace incorporation of deuterium 
was observed in both compounds except for the internal olefin proton (3) which contains 10% D. 
 
Anti-Markovnikov procedure: 
[Rh(cod)Cl]2 (5.92 mg, 0.0120 mmol, 3.00 mol %), dppbz (13.39 mg, 0.0300 mmol, 7.5 mol %), and dry 
toluene-d8 (200. μL) were added to 4 mL vial equipped with a stir bar in the glove box. 2a (35.4 mg, 0.200 
mmol, 0.500 equiv.), 2a-d1 (35.6 mg, 0.200 mmol, 0.500 equiv) (total 0.4 mmol, 1 equiv., 50%D) were 
added to 4 mL scintillation vial equipped with a stir bar in the glove box. Subsequently, PhSD (136 μL, 
1.33 mmol, 75% D) and PhSH (66 μL, 0.66 mmol) (total PhSH of 2 mmol, 5 equiv, 50% D) were added.The 
vial was brought out of the box (sealed) and stirred (420 rpm) at 100 ˚C for 4 h. After 4 hours, the reaction 
was cooled to room temperature, internal standard was added, the reaction mixture was diluted with C6D6, 
and the conversion was determined by crude NMR. Purification of the crude product by silica gel 
chromatography (125 mL silica, 2% NH4OH : 2% MeOH : 10 % Et2O: 86% CHCl2 v/v). Due to low 
conversion and similar Rf values, the product and starting material were isolated as a mixture.  
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Scheme 4.14: Product distribution and KIE calculation for anti-Markovnikov hydrothiolation 
 
Calculation of KH/KD: 
Because of extensive incorporation of deuterium into the starting material, a kH/kD could not be calculated.  
 
Scheme 4.15: Possible interpretation of competition KIE experiments for anti-Markovnikov 
hydrothiolation 
 
The extensive incorporation of the deuterium into the substrate is consistent with reversible insertion into 
the Rh-H/D bond via -hydride elimination. Further, it suggests that the amine is not or is reversibly 
coordinating to the rhodium, as the metallacycle would prevent the syn-peri-planer conformation between 
the H/D and the [Rh] required for -hydride elimination. 
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Figure 4.5: 1H NMR of anti-Markovnikov deuterium incorporation experiment product. Deuterium 
incorporated at positions 4 and 5.  
 
Figure 4.6: 1H NMR of anti-Markovnikov deuterium incorporation experiment starting material. 
Deuterium is incorporated into positions C, D, and E. 
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Figure 4.7: 2H NMR of anti-Markovnikov deuterium incorporation experiment. 
 
ii. Exchange study of RS–H/D and R2N–H/D 
The observed competition kinetic isotope effect of 5.7 may be enhanced due to rapid exchange between 
the proteo/duetero allyl amine and thiophenol leading to Curtin-Hammett conditions. As shown below, 
the S–D and N–D peaks coalesce by 2H NMR at room temperature at 0.2 M (a 10-fold dilution of reaction 
concentration). 
Experiment A: 2H NMR of 50:50 PhS–H:PhS–D  
PhSH (3.40 μL, 0.333 mmol), PhSD (6.80 μL, 0.662 mmol, 75% D), (total PhSH/D of 0.995 mmol, 
50.0% D) dry C6H6 (500.0 μL) and C6D6 (0.50 μL, for referencing) were added to a 4 mL scintillation vial. 
The vial was sealed with a Teflon lined cap and shaken to ensure thorough mixing. The solution was 
transferred to an NMR tube, a cap was affixed and sealed with electrical tape. The sample was removed 
from the glove box and the 2H-NMR spectrum was collected. 
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Figure 4.8: 2H NMR of 50:50 PhS–H:PhS–D. 
 
Experiment B: 2H NMR of 50:50 2a/2a-d1 
2a (8.88 mg, 0.0501 mmol) 2a-d1 (8.93 mg, 0.0501 mmol), (total 2a/2a-d1 of 0.1002 mmol, 50.0% D) dry 
C6H6 (500.0 μL) and C6D6 (0.50 μL, for referencing) were added to a 4 mL scintillation vial. The vial was 
sealed with a Teflon lined cap and shaken to ensure thorough mixing. The solution was transferred to an 
NMR tube, a cap was affixed and sealed with electrical tape. The sample was removed from the glove 
box and the 2H-NMR spectrum was collected. 
Figure 4.9: 2H NMR of 50:50 2a/2a-d1. 
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Experiment C: 2H NMR of 1:1:1:1 PhS–H:PhS–D: 2a/2a-d1 
2a (9.17 mg, 0.0517 mmol) 2a-d1 (8.95 mg, 0.0502 mmol), (total 2a/2a-d1 of 0.1019 mmol, 49.1% D), 
PhSH (3.40 μL, 0.333 mmol), PhSD (6.80 μL, 0.662 mmol, 75% D), (total PhSH/D of 0.995 mmol, 
50.0% D) dry C6H6 (500.0 μL) and C6D6 (0.50 μL, for referencing) were added to a 4 mL scintillation vial. 
The vial was sealed with a Teflon lined cap and shaken to ensure thorough mixing. The solution was 
transferred to an NMR tube, a cap was affixed and sealed with electrical tape. The sample was removed 
from the glove box and the 2H-NMR spectrum was collected. 
Figure 4.10: 2H NMR of 1:1:1:1 PhS–H:PhS–D: 2a/2a-d1. 
 
iii. Initial rate kinetic isotope effect (KIE) experiments  
Markovnikov Hydrothiolation Procedure with 1H-Substrates 
 
A stock solution of [Rh(cod)Cl]2 (1.48 mg, 0.003 mmol, 3.0 mol % per screen), DPEphos (4.04 mg, 0.0075 
mmol, 7.5 mol % per screen), dry toluene (50 μL per screen), amine (17.7 mg, 0.1 mmol, 1.0 equiv per 
screen), and thiophenol (51.3 μL, 0.5 mmol, 5.0 equiv. per screen) was made in a 20 mL scintillation vial 
equipped with a stir bar in the glove box. The solution was allowed to stir until the mixture was a clear 
orange solution. The stock solution was then dispersed to 4 mL scintillation vials containing LiBr (4.34 mg, 
0.05 mmol, 0.5 equiv) and a stir bar. The vials were sealed with Teflon-lined caps, brought out of the glove 
box and stirred at 80 °C for X min. At the specified time points, the crude solutions were cooled to room 
 68 
 
 
temperature and methylnaphthalene was added as an internal standard. The crude solutions were then 
diluted with MeOH and the yield was measured by GC analysis. Each time point was run in duplicate and 
analyzed in triplicate on the GC. The average of those six GC yields for each time point is presented below 
with corresponding standard errors. 
  
Markovnikov Hydrothiolation Procedure with 2H-Substrates 
 
A stock solution of [Rh(cod)Cl]2 (1.48 mg, 0.003 mmol, 3.0 mol % per screen), DPEphos (4.04 mg, 0.0075 
mmol, 7.5 mol % per screen), dry toluene (50 μL per screen), amine-d1 (17.8 mg, 0.1 mmol, 1.0 equiv per 
screen), and thiophenol-(75%-d1) (51.3 μL, 0.5 mmol, 5.0 equiv. per screen) was made in a 20 mL 
scintillation vial equipped with a stir bar in the glove box. The solution was allowed to stir until the mixture 
was a clear orange solution. The stock solution was then dispersed to 4 mL scintillation vials containing 
LiBr (4.34 mg, 0.05 mmol, 0.5 equiv) and a stir bar. The vials were sealed with Teflon-lined caps, brought 
out of the glove box and stirred at 80 °C for X min. At the specified time points, the crude solutions were 
cooled to room temperature and methylnaphthalene was added as an internal standard. The crude solutions 
were then diluted with MeOH and the yield was measured by GC analysis. Each time point was run in 
duplicate and analyzed in triplicate on the GC. The average of those six GC yields for each time point is 
presented below with corresponding standard errors. 
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Calculation of KIE: 
0.074 ±  0.006 =  0.75𝑥 +  0.25(0.143 ±  .014) 
0.75𝑥 = (0.074 ±  0.006) − (0.036 ± 0.0035) 
0.75𝑥 = 0.038 ±  √0.0062 + 0.00352  
𝑥 =  
0.038 ± 0.0069
0.75
 
𝑥 = 0.51 ± 0.009 = 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑖𝑛𝑖𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑢𝑡𝑒𝑟𝑜 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 (𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 25% 𝑃ℎ𝑆𝐻) 
𝐾𝐻
𝐾𝐷
=  
0.143 ± 0.014
0.51 ± 0.009
= 2.80 ±  √
0.0142
0.1432
+ 
0.0092
0. 0512
 
2.80 ± 0.21 
 
Scheme 4.16: Possible interpretation of initial rate KIE experiments for Markovnikov hydrothiolation 
 
A KIE of 2.80±0.21 is again consistent with a primary kinetic isotope effect. However, as the KIE is 
significantly lower than that observed in the competition kinetic isotope effect experiments (5.66), this 
suggests that the X–H/D bond breaking/forming is not the only step between the catalyst resting state and 
the turnover limiting step. For example, it is consistent with the catalyst resting state being a [Rh](I) 
complex, oxidative addition into the PhS–H/D to generate [Rh](III)(H)SPh and followed by rate limiting 
olefin insertion into the [Rh]–SPh bond. Alternatively, [Rh](III)(H)SPh could be the resting state, with 
y = 0.143x + 4.530
R² = 0.954
y = 0.074x + 1.427
R² = 0.972
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olefin insertion into the Rh–SPh  bond and slow C–H bond forming reductive elimination. However, we do 
not observe any products resulting from -hydride elimination, enol thioethers or deuterium incorporation 
adjacent to the thioether, suggesting that the alkyl rhodium species formed after olefin insertion is not long 
lived and that C–H bond forming reductive elimination is not rate determining. 
Anti-Markovnikov Hydrothiolation Procedure with 1H-Substrates 
 
A stock solution of [Rh(cod)Cl]2 (1.48 mg, 0.003 mmol, 3.0 mol % per screen), dppp (3.09 mg, 0.0075 
mmol, 7.5 mol % per screen), dry toluene (50 μL per screen), amine (17.7 mg, 0.1 mmol, 1.0 equiv per 
screen), and thiophenol (51.3 μL, 0.5 mmol, 5.0 equiv. per screen) was made in a 20 mL scintillation vial 
equipped with a stir bar in the glove box. The solution was allowed to stir until the mixture was a clear 
orange solution. The stock solution was then dispersed to 4 mL scintillation vials equipped with a stir bar. 
The vials were sealed with Teflon-lined caps, brought out of the glove box and stirred at 100 °C for X min. 
At the specified time points, the crude solutions were cooled to room temperature and methylnaphthalene 
was added as an internal standard. The crude solutions were then diluted with MeOH and the yield was 
measured by GC analysis. Each time point was run in duplicate and analyzed in duplicate on the GC. The 
average of those four GC yields for each time point is presented below with corresponding standard errors. 
Note: The initial rate KIE experiments were performed with dppp instead of dppbz due to increased 
solubility of the dppp catalyst in a stock solution.  
 
Anti-Markovnikov Hydrothiolation Procedure with 2H-Substrates 
 
A stock solution of [Rh(cod)Cl]2 (1.48 mg, 0.003 mmol, 3.0 mol % per screen), dppp (3.09 mg, 0.0075 
mmol, 7.5 mol % per screen), dry toluene (50 μL per screen), amine-d1 (17.8 mg, 0.1 mmol, 1.0 equiv per 
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screen), and thiophenol-(75%-d1) (51.3 μL, 0.5 mmol, 5.0 equiv. per screen) was made in a 20 mL 
scintillation vial equipped with a stir bar in the glove box. The solution was allowed to stir until the mixture 
was a clear orange solution. The stock solution was then dispersed to 4 mL scintillation vials equipped with 
a stir bar. The vials were sealed with Teflon-lined caps, brought out of the glove box and stirred at 100 ˚C 
for X min. At the specified time points, the crude solutions were cooled to room temperature and 
methylnaphthalene was added as an internal standard. The crude solutions were then diluted with MeOH 
and the yield was measured by GC analysis. Each time point was run in duplicate and analyzed in duplicate 
on the GC. The average of those four GC yields for each time point is presented below with corresponding 
standard errors. 
Note: The initial rate KIE experiments were performed with dppp instead of dppbz due to increased 
solubility of the dppp catalyst in a stock solution.  
 
 
 
Calculation of KIE: 
0.064 ±  0.005 =  0.75𝑥 +  0.25(0.051 ±  0.005) 
0.75𝑥 = (0.064 ±  0.005) − (0.013 ± 0.001) 
0.75𝑥 = 0.051 ± √0.0052 + 0.0012  
y = 0.064x + 0.9722
R² = 0.9244
y = 0.051x + 1.5188
R² = 0.9156
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𝑥 =  
0.051 ± 0.006
0.75
 
𝑥 = 0.068 ± 0.007 = 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑖𝑛𝑖𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑢𝑡𝑒𝑟𝑜 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 (𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 25% 𝑃ℎ𝑆𝐻) 
𝐾𝐻
𝐾𝐷
=  
0.051 ± 0.005
0.068 ± 0.007
= 0.75 ±  √
0.0052
0.0512
+ 
0.0072
0. 0682
 
0.75 ± 0.15 
Note: Although the relative error in the KIE for anti-Markovnikov hydrothiolation is greater than that 
observed in the Markovnikov pathway, the inverse KIE is reproducible when the experiment is replicated.  
 
Scheme 4.17: Possible interpretation of initial rate KIE experiments for anti-Markovnikov hydrothiolation 
 
iv. In-situ generated rhodium-hydride 1H-NMR data 
To demonstrate that the Rh complexes could undergo oxidative addition, we performed stoichiometric 
investigations of [Rh(cod)Cl]2 under both Markovnikov and anti-Markovnikov conditions in the presence 
of p-methoxythiophenol. As demonstrated below when [Rh(cod)Cl]2, DPEPhos, and 4-methoxythiophenol, 
and THF (for solubility) are mixed, we observe a Rh-H complex at -17.2 ppm as a quartet where J = 19.4, 
18.1 Hz, consistent with a Rh-H bond cis to both phosphines. Under anti-Markovnikov conditions, when 
[Rh(cod)Cl]2, DPEPhos, and 4-methoxythiophenol, and THF (for solubility) are mixed in the presence of 
Bn2NH, a Rh-H complex is observed at -13.63 as a doublet of triplets where J = 16.1, 11.2.  Although these 
results do suggest that the Rh complexes can undergo oxidative addition of the PhSH bond, we cannot 
comment on the catalytic (nor kinetic) competency of Rh-H complex formed.  
Markovnikov conditions 
 
To a screw cap NMR tube was added [Rh(cod)Cl]2 (2.47 mg, 0.00500 mmol, 0.50 equiv.), DPEphos (5.38 
mg, 0.0100 mmol, 1.0 equiv.) and THF-d8 (500 µL). The NMR tube was capped with a teflon lined cap and 
the NMR tube was shaken vigorously. After shaking, the cap was removed and 4-methoxythiophenol (1.84 
µL, 0.0150 mmol, 1.5 equiv.) was added. The screw cap was then capped and shaken again. After allowing 
the NMR tube to sit for 2 hours at room temperature the 1H-NMR spectrum was collected at -35°C. 
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Figure 4.11: 1H NMR demonstrating Rh-H complex with DPEphos. 
 
Figure 4.12: Highlighted 1H NMR demonstrating Rh-H complex with DPEphos. 
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Anti-Markovnikov conditions 
 
To a screw cap NMR tube was added [Rh(cod)Cl]2 (2.47 mg, 0.00500 mmol, 0.50 equiv.), dppp (4.12 mg, 
0.0100 mmol, 1.0 equiv.) and THF (500 µL). The NMR tube was capped with a teflon lined cap and the 
NMR tube was shaken vigorously. After shaking, the cap was removed and 4-methoxythiophenol (1.84 µL, 
0.0150 mmol, 1.5 equiv.) and dibenzylamine (1.93 µL, .0100 mmol, 1.0 eqiuv.) were added. The screw cap 
was then capped and shaken again. After allowing the NMR tube to sit for 2 hours at room temperature the 
1H-NMR spectrum was collected at 55 °C.  
Note: NMR experiments were performed with dppp instead of dppbz due to increased solubility of the dppp 
rhodium complexes. 
Figure 4.13: 1H NMR demonstrating Rh-H complex with dppp. 
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Figure 4.14: Highlighted 1H NMR demonstrating Rh-H complex with dppp. 
 
v. Determining the enantiomeric specificity of 5b and 5b' 
Determining the enantiomeric ratio of 4b* 
 
Enantiomerically enriched 4b* was synthesized using the general procedure for the synthesis of primary 
amines with (S)-2-methylpropane-2-sulfinamide to afford 4b* as a colorless liquid (1.47 g, 28% yield). To 
measure the enantiomeric ratio of the primary amine, 4b* was benzoyl protected. Enantiomerically enriched 
4b* (0.75 mmol, 100 mg, 1.0 equiv.) was dissolved in CH2Cl2 (4 mL) in a 20 mL scintillation vial. Triethyl 
amine (0.90 mmol, 126 µL, 1.2 equiv.) was added and the reaction was cooled to 0 °C. Benzoyl chloride 
was then added and the reaction was allowed to warm to room temperature while stirring for 2 h. The crude 
mixture was diluted in CH2Cl2 and washed with 2 x 20 mL of aq. NaOH (2 M). The combined aqueous 
layers were washed with 3 x 20 mL of CH2Cl2 and purified via flash column chromatography (10% ethyl 
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acetate in hexanes) to afford 4b*-Bz as a white solid (71 mg, 75% yield). The spectroscopic data matched 
that found in literature.63 Racemic 4b-Bz was synthesized from racemic 4b according to the same procedure. 
The enantiomeric ratio of enriched 4b*-Bz was determined by chiral HPLC (ID-3 column, 10% IPA in 
hexanes, λ = 254 nm, flow rate = 1.00 mL/min).   
 
 
Determining the enantiomeric ratio of 5b* from 4b* 
 
5b* was synthesized according to the general procedure for the hydrothiolation of primary amines with 
enantiomerically enriched 4b*. To measure the enantiomeric ratio of the 1,2-aminothioether, 5b* was 
benzoyl protected following the same procedure as the benzoyl protection of 4b* with 5b* (51.9 mg, 0.21 
mmol, 1.0 equiv.) to afford 5b*-Bz as a white solid (57.4 mg, 79% yield). 5b-Bz was synthesized from 5b 
according to the same procedure. The enantiomeric ratio of enriched 5b*-Bz was determined by chiral 
HPLC (ID-3 column, 15% IPA in hexanes, λ = 254 nm, flow rate = 1.00 mL/min). 
1H NMR (500 MHz, Chloroform-d) δ 7.73 (d, J = 7.2 Hz, 2H), 7.56 – 7.47 (m, 3H), 7.47 – 7.35 (m, 6H), 
7.35 – 7.24 (m, 4H), 7.03 (d, J = 8.0 Hz, 1H), 5.40 (dd, J = 8.0, 4.4 Hz, 1H), 3.84 (qd, J = 7.1, 4.4 Hz, 1H), 
1.33 (d, J = 7.1 Hz, 3H). 
13C NMR (126 MHz, Chloroform-d) δ 166.70, 138.63, 134.76, 134.49, 132.36, 131.69, 129.38, 128.69, 
128.50, 127.89, 127.60, 127.56, 127.07, 57.18, 49.88, 18.38. 
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Determining the enantiomeric ratio of 5b́ * from 4b* 
 
5b́ * was synthesized according to the general procedure for the hydrothiolation of primary amines with 
enantiomerically enriched 4b*. To measure the enantiomeric ratio of the primary amine, 5b́ * was benzoyl 
protected following the same procedure as the benzoyl protection of 4b* with 5b́ * (36.3 mg, 0.15 mmol, 
1.0 equiv.) to afford 5b́ *-Bz as a white solid (36.0 mg, 69% yield). 5b́ -Bz was synthesized from 5b ́
according to the same procedure. The enantiomeric ratio of enriched 5b́ *-Bz was determined by chiral 
HPLC (ID-3 column, 15% IPA in hexanes, λ = 254 nm, flow rate = 1.00 mL/min). 
1H NMR (500 MHz, Chloroform-d) δ 7.78 (d, J = 7.1 Hz, 2H), 7.51 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 
2H), 7.39 – 7.25 (m, 9H), 7.20 (t, J = 7.2 Hz, 1H), 6.55 (s, 1H), 5.36 (q, J = 7.5 Hz, 1H), 3.04 – 2.88 (m, 
2H), 2.28 (m, 2H). 
13C NMR (126 MHz, Chloroform-d) δ 166.89, 141.51, 136.17, 134.79, 131.67, 129.87, 129.13, 129.08, 
128.74, 127.90, 127.12, 126.80, 126.44, 53.59, 35.93, 30.91. 
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vi. Example of GC analysis for regioselectivity determination 
The regioselectivity for both the Markovnikov and anti-Markovnikov reactions was determined by GC or 
NMR analysis of crude reaction mixtures. To demonstrate the determination of regioselectivity by GC 
analysis, the GC traces for both the Markovnikov and anti-Markovnikov pathway of substrate 2f are shown 
below. In all cases, the regioselectivity was determined to be >20:1. Notably, one exception was observed, 
i.e., under anti-Markovnikov conditions, reduced regioselectivity (5.5:1 5e’:5e) was observed with allyl 
amine (4e). See section G below.  
Scheme 4.18: GC trace of Markovnikov-selective hydrothiolation of 2f 
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Scheme 4.19: GC trace of anti-Markovnikov-selective hydrothiolation of 2f 
 
 
 
4.2.d: Synthesis of Starting Materials 
i. Synthesis of allyl imines 
 
General procedure for the synthesis of imines 
The corresponding benzaldehyde derivative (1.0 equiv.), 4 Å MS (beads) and dry CH2Cl2 (1.0 M wrt 
benzaldehyde) were added to a round bottom flask with a stir bar. Allylamine (1.5 equiv.) was added while 
stirring. The reaction mixture was stirred open to air at room temperature for 3-24 h. The crude mixture 
was filtered through Celite, washing with CH2Cl2. The filtrate was washed with water (200 mL × 2) and 
brine (200 mL × 1). The organic layer was dried with MgSO4, filtered, and concentrated under reduced 
pressure to give imine. All imines were vacuum distilled using a short path distillation chamber and 
degassed, then stored under N2 in the glovebox. The spectroscopic data for imines 1a, 1c, 1d, 1h, and 1j 
were in agreement with reported literature: 1a2, 1c64, 1d65, 1h2, 1j66.  
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ii. Synthesis of secondary amines 
 
General procedure for the synthesis of secondary amines 
The corresponding aldehyde (1.0 equiv.), 4 Å MS (beads) and dry CH2Cl2 (1.0 M wrt benzaldehyde) were 
added to a round bottom flask with a stir bar. Allylamine (1.2 equiv.) was added while stirring. The reaction 
mixture was stirred open to air at room temperature for 3-12 h. The crude mixture was filtered through 
Celite, washing with CH2Cl2. The filtrate was concentrated under reduced pressure, dissolved in MeOH 
(1.0 M wrt aldehyde), then cooled to 0 °C. NaBH4 (1.2 equiv.) was slowly added. The solution was warmed 
to rt and stirred for 3-12 hours. The crude mixture was concentrated under reduced pressure and dissolved 
in CHCl3. The solution was washed with a saturated solution of aqueous NaHCO3 (200 mL x 1) and DI 
water (200 mL × 2). The organic layer was collected and dried with MgSO4, filtered through a bed of Celite, 
and concentrated under reduced pressure to give amines 2a-2i, 2k. All amines were distilled under reduced 
pressure (0.1 torr) using a short path distillation chamber, degassed, then stored under N2 in the glovebox. 
Amines 2a, 2d, 2f, 2g, 2h, 2l, 2m were previously reported and consistent with literature spectra: 2a67, 2d68, 
2f69, 2g70, 2h71, 2l72, 2m73. 
Synthesis of 2b 
 
Amine 2b was synthesized according to the general procedure for the synthesis of secondary amines with 
4-(dimethylamino)benzaldehyde (6.96 mL, 50.00 mmol, 1.00 equiv.), allyl amine (4.49 ml, 60.00 mmol, 
1.20 equiv.), and NaBH4 (2.27 g, 60.00 mmol, 1.20 equiv.). Purification by distillation under reduced 
pressure afforded amine 2b as a colorless liquid (6.24 g, 66%).  
Rf (3% MeOH/CH2Cl2) = 0.08 
1H NMR (500 MHz, Benzene-d6) δ 7.29 (d, J = 8.5 Hz, 2H), 6.65 (d, J = 8.6 Hz, 2H), 5.89 (ddt, J = 17.2, 
10.2, 5.8 Hz, 1H), 5.17 (dq, J = 17.1, 1.8 Hz, 1H), 5.02 (dq, J = 10.3, 1.5 Hz, 1H), 3.66 (s, 2H), 3.15 (dt, J 
= 5.9, 1.6 Hz, 2H), 2.55 (s, 6H), 0.96 (s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 150.20, 138.10, 129.38, 129.34, 115.15, 113.08, 53.32, 52.04, 40.54. 
HRMS (EI-TOF) m/z: [M] calculated for C12H18N2 = 190.1470; found mass = 190.1472 
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Synthesis of 2e 
 
Amine 2e was synthesized according to the general procedure for the synthesis of secondary amines with 
o-methoxybenzaldehyde (6.09 mL, 50.0 mmol) and allyl amine (4.49 ml, 60.0 mmol). Purification by 
distillation under reduced pressure afforded amine 2e as a colorless liquid (7.06 g, 80%).  
Rf (3% MeOH/CH2Cl2) = 0.04 
1H NMR (500 MHz, Benzene-d6) δ 7.33 (dd, J = 7.3, 1.8 Hz, 1H), 7.10 (td, J = 7.8, 1.8 Hz, 1H), 6.89 (td, 
J = 7.4, 1.1 Hz, 1H), 6.54 (dd, J = 8.1, 1.1 Hz, 1H), 5.91 (ddt, J = 17.3, 10.3, 5.7 Hz, 1H), 5.17 (dq, J = 
17.2, 1.8 Hz, 1H), 5.01 (dq, J = 10.2, 1.6 Hz, 1H), 3.88 (s, 2H), 3.28 (s, 3H), 3.17 (dt, J = 5.7, 1.6 Hz, 
2H), 1.33 (s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 157.96, 138.10, 129.84, 129.47, 128.06, 120.70, 115.17, 110.36, 
54.76, 52.08, 48.59. 
HRMS (EI-TOF) m/z: [M+H+] calculated for C11H16NO = 176.1075; found mass = 176.1072 
Synthesis of 2i 
 
Amine 2i was synthesized according to the general procedure for the synthesis of secondary amines with 
furane-2-carboxaldehyde (1.16 mL, 20.0.0 mmol) and allyl amine (2.24 ml, 30.0 mmol, 1.5 equiv.). 
Purification by distillation under reduced pressure afforded amine 2i as a colorless liquid (979 mg, 36%). 
Rf (3% MeOH/CH2Cl2) = 0.12 
1H NMR (500 MHz, Benzene-d6) δ 7.11 (d, J = 1.6 Hz, 1H), 6.10 (dd, J = 3.1, 1.8 Hz, 1H), 6.00 (d, J = 3.2 
Hz, 1H), 5.77 (ddt, J = 17.4, 10.4, 5.8 Hz, 1H), 5.09 (dq, J = 17.2, 1.8 Hz, 1H), 4.97 (dq, J = 10.4, 1.6 Hz, 
1H), 3.57 (s, 2H), 3.02 (dt, J = 6.0, 1.5 Hz, 2H), 0.98 (s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 155.10, 141.65, 137.43, 115.54, 110.41, 106.78, 51.58, 45.76. 
HRMS (EI-TOF) m/z: [M+H+] calculated for C8H12NO = 136.0762; found mass = 136.0759 
 
Synthesis of 2j 
 
Amine 2j was synthesized according to previously reported conditions.74 Thiophene-2-carboxaldehyde 
(4.38 mL, 50.0 mmol) was dissolved in 2,2,2-trifluoroethanol in a 250 mL round bottom flask equipped 
with a stirbar. Allyl amine (4.49 mL, 60.0 mmol) was added and the reaction stirred for 10 minutes. The 
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reaction was cooled to 0 °C and NaBH4 (2.27 g, 60.0 mmol) was slowly added. After the reaction stirred 
for 10 minutes, the crude mixture was concentrated under reduced pressure and then dissolved in CH2Cl2. 
The solution was washed with an aqueous solution of NaOH (2M, 200 mL x 1) and DI water (200 mL × 2). 
The organic layer was collected and dried with MgSO4, filtered through a bed of Celite, and concentrated 
under reduced pressure. The crude mixture was distilled under reduced pressure (0.1 torr) using a short path 
distillation chamber to afford 2j (3.75 g, 49%). Note: the general conditions for secondary amines can also 
be used to synthesize 2j.   
Rf (3% MeOH/CH2Cl2) = 0.16 
1H NMR (400 MHz, Benzene-d6) δ 6.88 (dt, J = 5.1, 1.2 Hz, 1H), 6.79 – 6.68 (m, 2H), 5.74 (ddtd, J = 
17.1, 10.2, 5.9, 1.0 Hz, 1H), 5.06 (ddt, J = 17.2, 2.8, 1.2 Hz, 1H), 4.97 (ddq, J = 10.1, 2.4, 1.3 Hz, 1H), 
3.65 (s, 2H), 2.99 (d, J = 5.9 Hz, 2H). 
13C NMR (126 MHz, Benzene-d6) δ 145.25, 137.35, 126.64, 124.63, 124.46, 115.59, 51.64, 47.97. 
HRMS (EI-TOF) m/z: [M] calculated for C8H11NS = 153.0612; found mass = 153.0611 
Synthesis of 2k 
 
Amine 2k was synthesized according to the general procedure for the synthesis of secondary amines with 
1-methyl-pyrrole-2-carboxaldehyde75 (1.01 g, 9.209 mmol) and allyl amine (1.04 ml, 13.8 mmol, 1.5 
equiv.). Purification by distillation under reduced pressure afforded amine 2k as a colorless liquid (0.805 
mg, 58%).  
Rf (3% MeOH/CH2Cl2) = 0.12 
1H NMR (500 MHz, Benzene-d6) δ 6.40 (t, J = 2.3 Hz, 1H), 6.25 (td, J = 3.0, 2.6, 0.9 Hz, 1H), 6.18 – 6.12 
(m, 1H), 5.83 – 5.70 (m, 1H), 5.08 (dq, J = 17.2, 1.9 Hz, 1H), 4.98 (dq, J = 10.1, 1.5 Hz, 1H), 3.45 (s, 
2H), 3.16 (s, 3H), 3.02 (dt, J = 6.0, 1.7 Hz, 2H), 0.65 (s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 137.68, 131.06, 122.42, 115.32, 108.76, 106.96, 51.91, 45.36, 33.31. 
HRMS (EI-TOF) m/z: [M] calculated for C9H14N2 = 150.1157; found mass = 150.1161 
iii. Synthesis of primary amines 
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General procedure for the synthesis of primary amines 
Titanium ethoxide (1.0 equiv.) was added to a solution of CH2Cl2 (1M) and the corresponding aldehyde 
(1.0 equiv.). Subsequently, 2-methylpropane-2-sulfinamide (1.2 equiv.) was added and the solution stirred 
at room temperature for 6-12 hours. The reactions were monitored by crude NMR. Upon completion, water 
(ca. 15 mL) was added and white titanium salts precipitated from the solution. The mixture was filtered 
through Celite and the layers were separated in a separatory funnel. The aqueous layer was further extracted 
with CH2Cl2 (3 x 50 mL). The solution was dried with MgSO4, filtered, and concentrated in-vacuo to yield 
the corresponding imine, which was distilled under reduced pressure to purity.  
In an oven-dried Schlenk flask, equipped with a stir bar, the sulfonimide intermediate (1.0 equiv.) was 
dissolved in dry THF (1M) and the reaction was cooled to 0 °C. Vinyl Grignard (1.2 equiv.) was 
subsequently added and the solution warmed to room temperature and stirred overnight (ca. 12 hours). 
Reaction progress was monitored by crude NMR. To quench, the reaction was cooled to 0 °C and a saturated 
solution of aqueous NH4Cl was added. The aqueous and organic layers were separated in a separatory 
funnel and the aqueous layer was further washed with CH2Cl2 (3 x 50 mL). The solution was dried with 
MgSO4, filtered, and concentrated in-vacuo. The amine was purified by column chromatography (ca. 100 
mL silica, 5% NH4OH and 0 to 5% MeOH in CH2Cl2) and distilled under reduced pressure to purity.  
Synthesis of 4a 
  
Amine 3a was synthesized according to the general procedure for the synthesis of primary amines with 4-
methoxybenzaldehyde (3.04 mL, 25.0 mmol), 2-methylpropane-2-sulfinamide (3.3 g, 27.5 mmol, 1.1 
equiv.), and vinyl Grignard (29.1 mL (1.00 M), 29.1 mmol, 1.20 equiv.). The crude product was purified 
by column chromatography (ca. 100 mL silica, 5% NH4OH and 0 to 5% MeOH in CH2Cl2), then distilled 
under reduced pressure (0.1 torr) to afford amine 3a as a colorless liquid (979 mg, 25%).  
Rf (3% MeOH/CH2Cl2) = 0.16 
1H NMR (500 MHz, Benzene-d6) δ 7.26 – 7.20 (m, 2H), 6.84 – 6.77 (m, 2H), 5.93 (dddd, J = 16.2, 10.2, 
6.1, 0.7 Hz, 1H), 5.15 (dt, J = 17.1, 1.6 Hz, 1H), 4.95 (dt, J = 10.3, 1.5 Hz, 1H), 4.27 (dd, J = 6.1, 1.5 Hz, 
1H), 3.32 (s, 3H), 1.01 (s, 2H). 
13C NMR (126 MHz, Benzene-d6) δ 159.28, 143.71, 137.36, 128.21, 114.13, 112.80, 58.25, 54.83. 
HRMS (EI-TOF) m/z: [M] calculated for C10H13NO = 162.0919; found mass = 162.0920  
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Synthesis of 4b 
 
Amine 3b was synthesized according to the general procedure for the synthesis of primary amines with 
benzaldehyde (2.04 mL, 20.0 mmol), 2-methylpropane-2-sulfinamide (2.91 g, 24.0 mmol, 1.20 equiv.), and 
vinyl Grignard (24.0 mL (1.00 M), 24.0 mmol, 1.2 equiv.). The crude product was purified by column 
chromatography (ca. 100 mL silica, 5% NH4OH and 0 to 5% MeOH in CH2Cl2), then distilled under 
reduced pressure (0.1 torr) to afford amine 3b as a colorless liquid (1.05 g, 40%).  
Rf (3% MeOH/CH2Cl2) = 0.10 
1H NMR (500 MHz, Benzene-d6) δ 7.30 – 7.20 (m, 2H), 7.15 – 7.10 (m, 2H), 7.08 – 7.00 (m, 1H), 5.86 
(ddt, J = 11.6, 7.5, 3.8 Hz, 1H), 5.10 (dt, J = 17.1, 1.6 Hz, 1H), 4.91 (dt, J = 10.2, 1.6 Hz, 1H), 4.22 (d, J 
= 6.2 Hz, 1H), 1.32 (s (br), 2 H). 
13C NMR (126 MHz, Benzene-d6) δ 145.07, 143.10, 128.65, 127.22, 127.19, 113.26, 58.78.  
HRMS (EI-TOF) m/z: [M] calculated for C9H11N = 132.0813; found mass = 132.0813 
Synthesis of 4c 
 
Amine 3c was synthesized according to the general procedure for the synthesis of primary amines with 4-
chlorobenzaldehyde (3.51 g, 25.0.0 mmol) and 2-methylpropane-2-sulfinamide (3.33, 27.5 mmol, 1.1 
equiv.). The crude product was purified by column chromatography (ca. 100 mL silica, 5% NH4OH and 0 
to 5% MeOH in CH2Cl2), then distilled under reduced pressure (0.1 torr) to afford amine 3c as a colorless 
liquid (708 mg, 18%). 
Rf (3% MeOH/CH2Cl2) = 0.16 
1H NMR (500 MHz, Benzene-d6) δ 7.14 – 7.09 (m, 2H), 7.01 – 6.96 (m, 2H), 5.72 (ddd, J = 16.7, 10.2, 6.2 
Hz, 1H), 5.02 (dt, J = 17.0, 1.5 Hz, 1H), 4.89 (dt, J = 10.2, 1.4 Hz, 1H), 4.06 (d, J = 6.3 Hz, 1H), 0.85 (s, 
2H).  
13C NMR (126 MHz, Benzene-d6) δ 143.63, 142.72, 132.87, 128.72, 128.54, 113.50, 58.03. 
HRMS (EI-TOF) m/z: [M+H+] calculated for C9H11ClN= 166.0423; found mass = 166.0425 
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Synthesis of 4d 
 
Amine 5a was synthesized according to the general procedure for the synthesis of primary amines with 
hydrocynamylaldehyde and 2-methylpropane-2-sulfinamide and vinyl Grignard (12.6 mL (1.00 M), 12.6 
mmol, 1.20 equiv.). The crude product was purified by column chromatography (ca. 100 mL silica, 5% 
NH4OH and 0 to 5% MeOH in CH2Cl2), then distilled under reduced pressure (0.1 torr) to afford amine 5d 
as a colorless liquid (511 mg, 25%). 
Rf (5% MeOH/CH2Cl2) = 0.35 
1H NMR (400 MHz, Benzene-d6) δ 7.22 – 7.13 (m, 2jH), 7.09 (d, J = 7.5 Hz, 3H), 5.66 (ddd, J = 17.0, 
10.2, 6.7 Hz, 1H), 5.08 – 4.86 (m, 2H), 3.07 (q, J = 6.6 Hz, 1H), 2.55 (t, J = 7.9 Hz, 2H), 1.69 – 1.45 (m, 
2H), 1.07 (s, 2H). 
13C NMR (101 MHz, Benzene-d6) δ 144.07, 142.67, 128.80, 128.67, 126.06, 113.11, 54.13, 39.54, 32.68. 
HRMS (EI-TOF) m/z: [M] calculated for C11H15N = 161.1204; found mass = 161.1202 
4.2.e: Markovnikov-Selective Hydrothiolation of Allyl Imines and Amines 
i. Markovnikov-selective hydrothiolation of allyl imines 
General Procedure for the Markovnikov hydrothiolation of imines 
[Rh(cod)Cl]2 (5.92 mg, 0.012 mmol, 3.0 mol %), L1 (16.76 mg, 0.03 mmol, 7.5 mol %), LiBr (17.37 mg, 
0.2 mmol, 0.5 equiv.), dry toluene (200 μL), imine (0.4 mmol, 1.0 equiv.), and the corresponding 
aldehyde (0.1 mmol, 0.25 equiv.) were added to 4 mL scintillation vial equipped with a magnetic stir bar 
in the glove box. The reaction stirred in the glove box for 45 minutes. Subsequently, thiol (2.0 mmol, 5.0 
equiv.) was added. The vial was sealed with a Teflon-lined cap, brought out of the glove box and stirred 
at 80 ˚C for 24 h. After 24 hours, the crude solution was cooled to room temperature, transferred to a 100 
mL round bottom flask, and dissolved in MeOH. NaBH4 (22.70 mg, 1.5 equiv., 0.6 mmol) was added at 0 
°C and the reaction stirred for ca. 1 h. The crude mixture was concentrated under reduced pressure, 
dissolved in CH2Cl2, and washed with NaHCO3 (1 x 50 mL). The crude solution was dried with MgSO4, 
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filtered through a bed of Celite, and concentrated under reduced pressure. The resulting 1,2-
aminothioether was purified by silica gel chromatography (125 mL silica loaded in 10% Et2O in CH2Cl2 
and eluted with 3% NH4OH : 2 to 3% MeOH : 10 % Et2O: 84 to 85% CHCl2 v/v prepared by extracting 
saturated NH4OH with CH2Cl2, removing aqueous layer, then adding to a solution of MeOH and Et2O). 
Following in-vacuo concentration, the amine was dissolved in hexanes and filtered through a celite plug 
to remove [Rh] and afford the pure 1,2-aminothioether.  
Products 3a, 3d, 3h, 3j, and 3s were synthesized by the general procedure from imines 1a, 1d, 1h, 1j, and 
1a, respectively. The spectroscopic data was consistent with products 3a, 3d, 3h, 3j, and 3s attained from 
the hydrothiolation of secondary amines 2a, 2d, 2h, 2j, and 2a. See hydrothiolation of secondary amine 
section for full characterization data of 3a, 3d, 3h, 3j, and 3s.  
Synthesis of 3c from imine 1c 
 
3c was synthesized according to the general procedure for the Markovnikov hydrothiolation of imines at 
100 °C with 1c (0.4 mmol, 74.86 mg), mesitylaldehyde (0.1 mmol, 14.58 µL) and thiophenol (2.0 mmol, 
205.37 µL). The reduced product was purified by silica gel chromatography to afford 3c (78.9 mg, 66% 
yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.39 
1H NMR (500 MHz, Benzene-d6) δ 7.36 – 7.32 (m, 2H), 7.02 – 6.97 (m, 2H), 6.97 – 6.92 (m, 1H), 6.78 
(s, 2H), 3.60 (d, J = 6.2 Hz, 2H), 3.21 (h, J = 6.7 Hz, 1H), 2.71 (dd, J = 12.1, 6.7 Hz, 1H), 2.61 (dd, J = 
12.1, 5.9 Hz, 1H), 2.32 (s, 3H), 2.16 (s, 3H), 1.20 (d, J = 6.8 Hz, 3H), 1.13 (s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 137.15 , 136.28 , 135.45 , 134.18 , 132.57 , 129.37 , 129.07 , 126.98 , 
55.14 , 47.80 , 44.13 , 21.08 , 19.75, 19.73. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C19H26NS = 300.1786; found mass = 300.1787 
Synthesis of 3r from imine 1r 
 
3r was synthesized according to the general procedure for the Markovnikov hydrothiolation of imines at 
100 °C with 1r (0.4 mmol, 68.91 mg), mesitylaldehyde (0.1 mmol, 12.16 µL) and cyclohexanethiol (2.0 
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mmol, 244.94 µL). The reduced product was purified by silica gel chromatography to afford 3r (69.2 mg, 
59% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.40 
1H NMR (500 MHz, Benzene-d6) δ 7.27 – 7.23 (m, 2H), 6.85 – 6.80 (m, 2H), 3.64 (s, 2H), 3.33 (s, 3H), 
2.88 (p, J = 6.6 Hz, 1H), 2.68 – 2.54 (m, 3H), 1.89 (dq, J = 12.2, 3.6 Hz, 2H), 1.65 – 1.56 (m, 2H), 1.45 – 
1.28 (m, 4H), 1.26 (d, J = 6.8 Hz, 3H), 1.12 – 1.07 (m, 2H). 
13C NMR (126 MHz, Benzene-d6) δ 159.27, 133.23, 129.55, 114.10, 55.38, 54.82, 53.49, 42.90, 39.72, 
34.74 (d, J = 22.2 Hz), 26.37, 26.15, 21.06. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H28NOS = 294.1892; found mass = 294.1893 
 
ii. Markovnikov-selective hydrothiolation of secondary allyl amines 
Conditions A: 
 
Conditions B: 
 
General procedures for the Markovnikov hydrothiolation of secondary amines  
Conditions A:  
[Rh(cod)Cl]2 (5.92 mg, 0.012 mmol, 3.0 mol %), DPEphos (16.16 mg, 0.03 mmol, 7.5 mol %), LiBr (17.37 
mg, 0.2 mmol, 0.5 equiv.), dry toluene (200 μL), and amine (0.4 mmol, 1.0 equiv.) were added to 4 mL 
scintillation vial equipped with a stir bar in the glove box. Subsequently, thiol (2.0 mmol, 5.0 equiv.) was 
added. The vial was sealed with a Teflon-lined cap, brought out of the glove box and stirred at 80 ˚C for 24 
h. The crude solution was cooled to room temperature, dissolved in CH2Cl2, and purified by silica gel 
chromatography (125 mL silica loaded in 10% Et2O in CH2Cl2, 3% NH4OH : 2 to 3% MeOH : 10 % Et2O: 
84 to 85% CHCl2 v/v prepared by extracting saturated NH4OH with CH2Cl2, removing aqueous layer, then 
adding to a solution of MeOH and Et2O). Following in-vacuo concentration, the amine was dissolved in 
hexanes and filtered through a celite plug to remove [Rh] and afford the pure 1,2-aminothioether.  
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Conditions B: 
[Rh(cod)Cl]2 (1.97 mg, 0.004 mmol, 1.0 mol %), DPEphos (5.39 mg, 0.01 mmol, 7.5 mol %), LiBr (17.37 
mg, 0.2 mmol, 0.5 equiv.), dry toluene (200 μL), and amine (0.4 mmol, 1.0 equiv.) were added to 4 mL 
scintillation vial equipped with  a stir bar in the glove box. Subsequently, thiol (0.6 mmol, 1.5 equiv.) was 
added. The vial was sealed with a Teflon-lined cap, brought out of the glove box and stirred at 80 ˚C for 24 
h. The crude solution was cooled to room temperature, dissolved in CH2Cl2, and purified by silica gel 
chromatography (125 mL silica loaded in 10% Et2O in CH2Cl2, and eluted with 3% NH4OH : 2 to 3% 
MeOH : 10 % Et2O: 84 to 85% CHCl2 v/v prepared by extracting saturated NH4OH with CH2Cl2, removing 
aqueous layer, then adding to a solution of MeOH and Et2O). Following in-vacuo concentration, the amine 
was dissolved in hexanes and filtered through a celite plug to remove [Rh] and afford the pure 1,2-
aminothioether.  
Synthesis of 3a 
 
3a was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2a (0.4 mmol, 70.85 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3a (A: 83.3 
mg, 73% yield; B: 72.3 mg, 63% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.36 
1H NMR (500 MHz, Benzene-d6) δ 7.36 (m, 2H), 7.19 (m, 2H), 7.01 (m, 2H), 6.98 – 6.93 (m, 1H), 6.84 – 
6.79 (m, 2H), 3.55 (s, 2H), 3.34 (s, 3H), 3.22 (h, J = 6.5 Hz, 1H), 2.64 (dd, J = 12.2, 6.6 Hz, 1H), 2.56 (dd, 
J = 12.2, 6.2 Hz, 1H), 1.21 (d, J = 6.8 Hz, 3H) 
13C NMR (126 MHz, Benzene-d6) δ 159.10, 135.44, 133.02, 132.32, 129.36, 128.92, 126.78, 113.92, 54.66, 
54.29, 53.21, 44.04, 19.53. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H22NOS = 288.1422; found mass = 288.1428 
Synthesis of 3b 
 
3b was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 1b (0.4 mmol, 76.06 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
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0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3b (A: 57.1 
mg, 48% yield; B: 53.8 mg, 45% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.38 
1H NMR (400 MHz, Benzene-d6) δ 7.39 - 7.34 (m, 2H), 7.31 – 7.26 (m, 2H), 7.04 – 6.92 (m, 3H), 6.67 – 
6.62 (m, 2H), 3.65 (s, 2H), 3.26 (h, J = 6.6 Hz, 1H), 2.71 (dd, J = 12.2, 6.6 Hz, 1H), 2.62 (dd, J = 12.2, 6.2 
Hz, 1H), 2.54 (s, 6H), 1.22 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 150.24, 135.74, 132.51, 129.36, 129.21, 129.06, 126.86, 113.10, 54.50, 
53.67, 44.27, 40.52, 19.75.  
HRMS (ESI-TOF) m/z: [M+H+] calculated for C18H25N2S = 299.1582; found mass = 299.1574 
Synthesis of 3d 
 
3d was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A) with 2d (0.4 mmol, 58.84 mg) and thiophenol (2.0 mmol, 205.37 µL). The crude 
product was purified by silica gel chromatography to afford 3d (76.4 mg, 74% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.38 
1H NMR (500 MHz, Benzene-d6) δ 7.37 – 7.32 (m, 2H), 7.28 – 7.24 (m, 2H), 7.20 – 7.15 (m, 2H), 7.13 – 
7.08 (m, 1H), 7.03 – 6.98 (m, 2H), 6.98 – 6.93 (m, 1H), 3.54 (s, 2H), 3.23 – 3.14 (m, 1H), 2.60 (dd, J = 
12.2, 6.6 Hz, 1H), 2.52 (dd, J = 12.2, 6.1 Hz, 1H), 1.38 (s, 1H), 1.18 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 141.02, 135.38, 132.34, 128.92, 128.41, 128.21, 126.94, 126.80, 54.3, 
53.71, 44.02, 19.49. 
HRMS (ESI-TOF) m/z: [M] calculated for C16H19NS = 257.1204; found mass = 257.1237 
Synthesis of 3e 
 
3e was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions B) with 2e (0.4 mmol, 70.85 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 0.6 
mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3e (A: 83.5 mg, 
73% yield; 76.3 mg, 66% yield) as a pale yellow oil.  
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Rf (3% MeOH/CH2Cl2) = 0.33 
1H NMR (400 MHz, Benzene-d6) δ 7.39 - 7.33 (m, 2H), 7.32 - 7.27 (m, 1H), 7.14 - 7.06 (m, 1H), 7.02 - 
6.91 (m, 3H), 6.88 (td, J = 7.5, 1.2 Hz, 1H), 6.53 (dd, J = 7.9, 1.2 Hz, 1H), 3.88 (s, 2H), 3.30 (s, 3H), 3.26 
(h, J = 6.9 Hz, 1H), 2.71 (ddt, J = 12.1, 6.6, 1.1 Hz, 1H), 2.62 (ddt, J = 12.1, 5.9, 1.0 Hz, 1H), 1.95 (s, 
1H), 1.21 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 157.99, 135.46, 132.80, 129.88, 129.31, 129.02, 128.17, 126.95, 
120.74, 110.41, 54.82, 54.54, 49.12, 44.38, 19.73. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H22NOS = 288.1422; found mass = 288.1417 
Synthesis of 3f 
 
3f was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and conditions B) with 2f (0.4 mmol, 90.01 mg) and thiophenol (A:  2.0 mmol, 205.37 
µL; B: 0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3f (A: 
94.3 mg, 70% yield; B: 52.5 mg, 39% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.36 
1H NMR (500 MHz, Benzene-d6) δ 7.35 – 7.30 (m, 2H), 7.27 (dd, J = 8.1, 1.3 Hz, 2H), 7.04 – 6.93 (m, 3H), 
6.87 (d, J = 8.0 Hz, 2H), 3.31 (s, 2H), 3.14 (h, J = 6.9 Hz, 1H), 2.49 (dd, J = 12.3, 6.6 Hz, 1H), 2.43 (dd, J 
= 12.3, 6.0 Hz, 1H), 1.26 (s, 1H), 1.17 (d, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 139.92, 135.21, 132.33, 131.45, 129.86, 128.97, 126.93, 120.72, 54.13, 
52.77, 43.95, 19.45. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H18BrNS = 336.0422; found mass = 336.0417 
Synthesis of 3g 
 
3g was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2g (0.4 mmol, 82.04 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3g (A: 68.3 
mg, 54% yield; B:  44.1 mg, 33% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.36 
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1H NMR (500 MHz, Benzene-d6) δ 8.14 (d, J = 8.2 Hz, 2H), 7.37 – 7.31 (m, 2H), 7.21 – 7.14 (m, 2H), 7.05 
– 6.92 (m, 3H), 3.52 (s, 3H), 3.43 (s, 2H), 3.15 (h, J = 6.5 Hz, 1H), 2.52 (dd, J = 12.2, 6.5 Hz, 1H), 2.45 
(dd, J = 12.1, 6.0 Hz, 1H), 1.33 (s, 2H), 1.18 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 166.73, 146.42, 135.44, 132.48, 130.01, 129.52, 129.12, 128.15, 
127.08, 54.50, 53.33, 51.57, 44.13, 19.60. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H22NO2S = 316.1371; found mass = 316.1364 
Synthesis of 3h 
 
3h was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2h (0.4 mmol, 86.04 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3h (A: 53.9 
mg, 41% yield; B: 33.5 mg, 26% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.38 
1H NMR (500 MHz, Benzene-d6) δ 7.38 – 7.31 (m, 4H), 7.07 – 6.93 (m, 5H), 3.35 (s, 2H), 3.14 (h, J = 6.8 
Hz, 1H), 2.47 (dd, J = 12.2, 6.6 Hz, 1H), 2.42 (dd, J = 12.2, 5.9 Hz, 1H), 1.18 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 144.54, 134.17, 132.70, 129.34 (q, J = 32.1 Hz), 129.00, 128.37, 
127.33, 125.42 (q, J = 3.8 Hz), 124.40 (q, J = 272.10 Hz), 54.15, 52.85, 43.97, 19.40. 
19F NMR (376 MHz, Benzene-d6) δ -114.90. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H19F3NS = 326.1190; found mass = 326.1194 
Synthesis of 3i 
 
3i was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2i (0.4 mmol, 54.83 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3i (A: 68.7 
mg, 70% yield; B: 45.8 mg, 46% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.42 
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1H NMR (500 MHz, Benzene-d6) δ 7.36 – 7.32 (m, 2H), 7.09 (dd, J = 1.8, 0.9 Hz, 1H), 7.04 – 6.92 (m, 3H), 
6.08 (dd, J = 3.1, 1.8 Hz, 1H), 5.99 – 5.94 (m, 1H), 3.55 (s, 2H), 3.13 (h, J = 6.7 Hz, 1H), 2.59 (dd, J = 
12.1, 6.6 Hz, 1H), 2.49 (dd, J = 12.1, 6.1 Hz, 1H), 1.46 (s, 1H), 1.16 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 154.85, 141.53, 135.18, 132.54, 128.89, 126.85, 110.26, 106.65, 54.04, 
46.19, 44.01, 19.42. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C14H18NOS = 248.1109; found mass = 248.1106 
Synthesis of 3j 
 
3j was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2j (0.4 mmol, 61.22 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3j (A: 71.8 
mg, 68% yield; B: 46.0 mg, 45% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.48 
1H NMR (500 MHz, Benzene-d6) δ 7.36 – 7.31 (m, 2H), 7.03 – 6.98 (m, 2H), 6.98 – 6.93 (m, 1H), 6.89 
(dd, J = 5.0, 1.2 Hz, 1H), 6.74 (dd, J = 5.1, 3.4 Hz, 1H), 6.71 (dq, J = 3.4, 1.0 Hz, 1H), 3.65 (d, J = 1.0 Hz, 
2H), 3.19 – 3.10 (m, 1H), 2.59 (dd, J = 12.2, 6.6 Hz, 1H), 2.51 (dd, J = 12.1, 6.2 Hz, 1H), 1.41 (s, 1H), 1.17 
(d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 145.14, 135.31, 132.33, 128.92, 126.81, 126.49, 124.49, 124.36, 54.05, 
48.36, 43.91, 19.41. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C14H18NS2 = 264.0881; found mass = 264.0885 
Synthesis of 3k 
 
3k was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A at 60 °C instead of 80 °C) with 2k (60.09 mg, 0.4000 mmol) and thiophenol (205.37 
µL, 2.000 mmol). The crude product was purified by silica gel chromatography to afford 3k (39.7 mg, 38% 
yield) as a yellow oil. 
Rf (3% MeOH/CH2Cl2) = 0.33 
1H NMR (500 MHz, Benzene- d6) δ 7.34 (d, J = 7.9 Hz, 2H), 7.02 (t, J = 7.6 Hz, 2H), 6.96 (t, J = 7.3 Hz, 
1H), 6.40 (t, J = 2.2 Hz, 1H), 6.24 (t, J = 3.1 Hz, 1H), 6.13 (dd, J = 3.6, 1.8 Hz, 1H), 3.44 (s, 2H), 3.18 (s, 
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3H), 3.11 (ddt, J =6.0, 6.8, 6.7 Hz, 1H), 2.58 (dd, J = 12.4, 6.7 Hz, 1H), 2.51 (dd, J = 12.2, 6.0 Hz, 1H), 
1.13 (d, J = 6.7 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 135.55, 132.48, 130.83, 129.03, 126.91, 122.45, 108.84, 106.92, 54.24, 
45.72, 43.96, 33.30, 19.57 
HRMS (EI-TOF) m/z: [M] calculated for C15H20N2S = 260.1347; found mass = 260.1353. 
Synthesis of 3l 
 
3l was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2l (0.4 mmol, 61.26 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3l (A: 68.3 
mg, 65% yield; B: 51.2 mg, 48% yield) as a pale yellow oil.  
Rf (3%MeOH/CH2Cl2) = 0.26 
1H NMR (500 MHz, Benzene-d6) δ 7.44 – 7.39 (m, 2H), 7.04 – 7.00 (m, 2H), 6.98 – 6.93 (m, 1H), 3.26 (h, 
J = 6.7 Hz, 1H), 2.66 (dd, J = 12.2, 6.7 Hz, 1H), 2.56 (dd, J = 12.2, 6.1 Hz, 1H), 2.30 (dd, J = 6.6, 1.6 Hz, 
2H), 1.78 – 1.71 (m, 2H), 1.71 – 1.59 (m, 3H), 1.34 – 1.26 (m, 1H), 1.24 (d, J = 6.8 Hz, 3H), 1.22 – 1.07 
(m, 3H), 0.85 (qd, J = 12.1, 3.3 Hz, 2H). 
13C NMR (126 MHz, Benzene-d6) δ 135.54, 132.32, 128.92, 126.78, 56.74, 55.49, 44.13, 38.43, 31.62, 
27.01, 26.38, 19.57. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H26NS = 264.1786; found mass = 264.1783 
Synthesis of 3m 
 
3m was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2m (0.4 mmol, 64.45 mg) and thiophenol (A:  2.0 mmol, 205.37 µL; B: 
0.6 mmol, 61.61 µL). The crude product was purified by silica gel chromatography to afford 3m (A: 62.5 
mg, 58% yield; B: 23.7 mg, 22% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.38 
1H NMR (500 MHz, Benzene-d6) δ 7.37 – 7.33 (m, 2H), 7.33 – 7.25 (m, 3H), 7.22 – 7.17 (m, 2H), 7.10 (m, 
1H), 7.03 – 6.92 (m, 3H), 3.54 (p, J = 6.7 Hz, 1H), 3.25 – 3.12 (m, 1H), 2.59 – 2.44 (m, 2H), 1.21 – 1.13 
(m, 6H). 
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13C NMR (126 MHz, Benzene-d6) δ 146.34, 146.25, 135.50, 135.47, 132.24, 132.03, 128.91, 128.54, 
126.99, 126.82, 126.76, 126.65, 58.44, 58.31, 53.10, 52.71, 44.33, 43.99, 24.92, 24.85, 19.60, 19.36. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H22NS = 272.1473; found mass = 272.1470 
Synthesis of 3n  
 
3n was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2a (0.4 mmol, 70.85 mg) and p-methoxythiophenol (A: 2.0 mmol, 246.84 
µL; B: 0.6 mmol, 73.68 µL). The crude product was purified by silica gel chromatography to afford 3n (A: 
82.3 mg, 65% yield; B: 58.4 mg, 46% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.19 
1H NMR (500 MHz, Benzene-d6) δ 7.39 – 7.32 (m, 2H), 7.25 – 7.19 (m, 2H), 6.85 – 6.78 (m, 2H), 6.68 – 
6.61 (m, 2H), 3.60 (s, 2H), 3.34 (s, 3H), 3.23 (s, 3H), 3.11 (h, J = 6.8 Hz, 1H), 2.64 (dd, J = 12.1, 6.9 Hz, 
1H), 2.57 (dd, J = 12.1, 5.9 Hz, 1H), 1.50 (s, 1h), 1.22 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 160.04, 159.26, 136.38, 133.28, 129.58, 124.82, 114.75, 114.09, 54.82, 
54.80, 54.26, 53.41, 45.35, 19.72. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C18H24NO2S = 318.1528; found mass = 318.1526 
Synthesis of 3o 
 
3o was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A) with 2a (0.4 mmol, 70.85 mg) and o-methylthiophenol (2.0 mmol, 236.57 µL). The 
crude product was purified by silica gel chromatography to afford 3o (78.6 mg, 65% yield) as a pale yellow 
oil.  
Rf (5% MeOH/CH2Cl2) = 0.428 
1H NMR (500 MHz, Benzene-d6) δ 7.35 (dd, J = 7.5, 1.9 Hz, 1H), 7.19 (d, J = 8.6 Hz, 2H), 7.01 – 6.93 
(m, 3H), 6.81 (dt, J = 8.5, 2.8, 1.9 Hz, 2H), 3.55 (s, 2H), 3.34 (s, 3H), 3.23 (q, J = 6.6 Hz, 1H), 2.69 (dd, J 
= 12.2, 6.3 Hz, 1H), 2.58 (dd, J = 12.1, 6.3 Hz, 1H), 2.36 (s, 3H), 1.37 (s, 1H), 1.22 (d, J = 6.8 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 159.10, 139.46, 135.08, 132.93, 131.60, 130.45, 129.36, 126.66, 
126.49, 113.91, 54.66, 54.52, 53.26, 43.30, 20.83, 19.44. 
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HRMS (ESI-TOF) m/z: [M+H+] calculated for C18H24NOS = 302.1579; found mass = 302.1582. 
Synthesis of 3q 
 
3q was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2a (0.4 mmol, 70.85 mg) and p-fluorothiophenol (A:  2.0 mmol, 213.08 
µL; B: 0.6 mmol, 64.00 µL). The crude product was purified by silica gel chromatography to afford 3q (A: 
57.7 mg, 47% yield; B: 34.2 mg, 28% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.23 
1H NMR (500 MHz, Benzene-d6) δ 7.19 (d, J = 8.5 Hz, 2H), 7.15 – 7.09 (m, 2H), 6.82 (d, J = 8.6 Hz, 2H), 
6.64 (t, J = 8.7 Hz, 2H), 3.56 (s, 1H), 3.34 (s, 1H), 3.03 (h, J = 6.7 Hz, 0H), 2.56 (dd, J = 12.2, 6.7 Hz, 0H), 
2.49 (dd, J = 12.2, 6.0 Hz, 0H), 1.36 (s, 1H), 1.14 (d, J = 6.8 Hz, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 163.67, 161.71, 159.33, 135.54 (d, J = 8.1 Hz), 133.07, 129.54, 116.05 
(d, J = 21.7 Hz), 114.11, 54.82, 54.14, 53.36, 45.01, 19.57. 
19F NMR (376 MHz, Benzene-d6) δ -62.37. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H21FNOS = 306.1328; found mass = 306.1323.  
Synthesis of 3s 
 
3s was synthesized according to the general procedure for the Markovnikov hydrothiolation of secondary 
amines (conditions A and B) with 2a (0.4 mmol, 70.85 mg) and cyclopentane thiol (A:  2.0 mmol, 214.03 
µL; B: 0.6 mmol, 64.08 µL). The crude product was purified by silica gel chromatography to afford 3s (A: 
66.3 mg, 59% yield; B: 29.1 mg, 26% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.25 
1H NMR (500 MHz, Benzene-d6) δ 7.26 (d, J = 8.4 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 3.64 (s, 2H), 3.33 (s, 
3H), 2.95 (p, J = 7.2 Hz, 1H), 2.86 (h, J = 6.7 Hz 1H), 2.68 – 2.58 (m, 2H), 1.88 – 1.77 (m, 2H), 1.65 – 
1.56 (m, 3H), 1.55 – 1.44 (m, 2H), 1.40 – 1.29 (m, 2H), 1.26 (dd, J = 6.9, 0.9 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 159.27, 133.32, 129.52, 114.10, 55.24, 54.81, 53.53, 42.98, 41.17, 
34.85 (d, J = 12.5 Hz), 25.05 (d, J = 7.0 Hz), 20.70.  
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H23NS = 280.1735; found mass = 280.1737 
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iii. Markovnikov-selective hydrothiolation of primary allyl amines 
 
General Procedure for Markovnikov hydrothiolation of primary amines 
[Rh(cod)Cl]2 (4.44 mg, 0.009 mmol, 3.0 mol %), dpph (10.23 mg, 0.0225 mmol, 7.5 mol %), LiBr (13.03 
mg, 0.15 mmol, 0.5 equiv.) and dry toluene (150 μL) were added to 4 mL vial equipped with a stir bar in 
the glove box. To the reaction mixture was added amine (0.3 mmol, 1.0 equiv.). Subsequently, thiophenol 
(1.5 mmol, 5.0 equiv., 154.03) was added. The vial was brought out of the box (sealed) and stirred) at 80 
˚C for 24 h. The crude solution was cooled to room temperature, dissolved in CH2Cl2, and purified by silica 
gel chromatography (125 mL silica loaded in 10% Et2O in CH2Cl2, and eluted with 3% NH4OH : 2 to 3% 
MeOH : 10 % Et2O: 84 to 85% CHCl2 v/v prepared by extracting saturated NH4OH with CH2Cl2, removing 
aqueous layer, then adding to a solution of MeOH and Et2O). Following in-vacuo concentration, the amine 
was dissolved in hexanes and filtered through a celite plug to remove [Rh] and afford the pure 1,2-
aminothioether. 
Synthesis of 5a 
 
5a was synthesized according to general procedure for Markovnikov hydrothiolation of primary amines 
with 4a (0.3 mmol, 48.93 mg). The crude product was purified by silica gel chromatography to afford 5a 
(72.1 mg, 88% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.28 
1H NMR (500 MHz, Benzene-d6) δ 7.39 (d, J = 7.1 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 7.04 (t, J = 7.4 Hz, 
2H), 6.98 (t, J = 7.3 Hz, 1H), 6.78 (d, J = 8.7 Hz, 2H), 4.04 (d, J = 3.5 Hz, 1H), 3.45 (qd, J = 7.0, 3.5 Hz, 
1H), 3.32 (s, 3H), 1.26 (s, 2H), 1.19 (d, J = 6.9 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 159.26, 136.21, 135.79, 132.26, 129.23, 128.32, 127.03, 113.88, 56.86, 
54.79, 51.56, 14.06. 
HRMS (EI-TOF) m/z: [M] calculated for C16H19NOS = 273.1187; found mass = 273.1182 
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Synthesis of 5b 
 
5b was synthesized according to general procedure for Markovnikov hydrothiolation of primary amines 
with 4b (0.3 mmol, 39.93 mg). The crude product was purified by silica gel chromatography to afford 5b 
(56.0 mg, 77% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.36 
1H NMR (499 MHz, Benzene-d6) δ 7.37 (d, J = 7.6 Hz, 2H), 7.24 (d, J = 7.1 Hz, 2H), 7.14 (d, J = 7.8 Hz, 
2H), 7.10 – 7.02 (m, 3H), 6.98 (t, J = 7.3 Hz, 1H), 4.04 (d, J = 3.4 Hz, 1H), 3.44 (qd, J = 7.0, 3.4 Hz, 1H), 
1.24 (s, 2H), 1.14 (d, J = 6.9 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 143.87, 136.07, 132.30, 129.24, 128.37, 127.31, 127.22, 127.09, 57.28, 
51.41, 13.82. 
HRMS (EI-TOF) m/z: [M] calculated for C15H17NS = 243.1082; found mass = 243.1082 
Synthesis of 5c 
 
5c was synthesized according to general procedure for Markovnikov hydrothiolation of primary amines 
with 4c (0.3 mmol, 50.12 mg). The crude product was purified by silica gel chromatography to afford 5c 
(67.7 mg, 81% yield) as a pale yellow oil.  
Rf (3% MeOH/CH2Cl2) = 0.40 
1H NMR (500 MHz, Benzene-d6) δ 7.33 (d, J = 7.2 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 7.03 (t, J = 7.3 Hz, 
2H), 7.00 – 6.97 (m, 1H), 6.95 (d, J = 8.2 Hz, 2H), 3.84 (d, J = 3.6 Hz, 1H), 3.28 (qd, J = 7.0, 3.5 Hz, 1H), 
1.12 (s, 2H), 1.04 (dd, J = 7.0, 1.0 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 142.30, 135.70, 132.88, 132.42, 129.28, 128.71, 128.48, 127.29, 56.63, 
51.16, 13.76. 
HRMS (EI-TOF) m/z: [M] calculated for C15H16ClNS = 277.0692; found mass = 277.0691 
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Synthesis of 5d 
  
5d was synthesized according to general procedure for Markovnikov hydrothiolation of primary amines 
with 4d (0.3 mmol, 48.34 mg). The crude product was purified by silica gel chromatography to afford 5d 
(42.1 mg, 52% yield) as a pale yellow oil.   
Rf (3% MeOH/CH2Cl2) = 0.24 
1H NMR (500 MHz, Benzene-d6) δ 7.31 (dt, J = 6.2, 1.3 Hz, 2H), 7.18 – 7.11 (m, 2H), 7.09 – 7.04 (m, 1H), 
7.04 – 6.97 (m, 4H), 6.97 – 6.91 (m, 1H), 3.08 (qd, J = 7.0, 3.3 Hz, 1H), 2.76 (dt, J = 9.1, 3.8 Hz, 1H), 2.64 
(ddd, J = 14.5, 9.7, 5.4 Hz, 1H), 2.42 (ddd, J = 13.6, 9.6, 6.7 Hz, 1H), 1.55 (dddd, J = 13.7, 9.4, 6.8, 4.1 
Hz, 1H), 1.44 (ddt, J = 14.7, 9.4, 4.7 Hz, 1H), 1.07 (dd, J = 7.0, 3.2 Hz, 3H), 0.92 (s, 2H). 
13C NMR (126 MHz, Benzene-d6) δ 142.57, 136.23, 132.02, 129.17, 128.77, 128.66, 126.82, 126.08, 
53.43, 50.71, 36.86, 33.36, 14.75. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H21NS = 272.1473; found mass = 272.1469 
Synthesis of boc-protected-5e  
 
[Rh(cod)Cl]2 (4.44 mg, 0.009 mmol, 3.0 mol %), dpph (10.23 mg, 0.0225 mmol, 7.5 mol %), LiBr (13.03 
mg, 0.15 mmol, 0.5 equiv.) and dry toluene (150 μL) were added to 4 mL vial equipped with a stir bar in 
the glove box. To the reaction mixture was added allyl amine (0.3 mmol, 1.0 equiv., 22.45 μL). 
Subsequently, thiophenol (1.5 mmol, 5.0 equiv., 154.03) was added. The vial was brought out of the box 
(sealed) and stirred) at 100 ˚C for 48 h. After cooling to room temperature, di-tert-butyl carbonate (0.45 
mmol, 1.5 equiv., 103.38 μL) was added and the reaction stirred for 6 hours. The crude product was purified 
by silica gel chromatography (10% EtAc in hexanes) to afford boc-protected-5e (60.6 mg, 57% yield) as 
a pale yellow oil.  
Rf (10% EtAc/Hexanes) = 0.50 
1H NMR (500 MHz, Benzene-d6) δ 7.32 (d, J = 8.1 Hz, 2H), 6.99 (t, J = 7.4 Hz, 2H), 6.93 (d, J = 7.4 Hz, 
1H),4.63 (s, 1H), 3.15 (dt, J = 12.5, 6.2 Hz, 2H), 3.04 (dt, J = 11.9, 5.6 Hz, 1H), 1.43 (s, 9H), 1.03 (d, J = 
6.5 Hz, 3H). 
13C NMR (126 MHz, Benzene-d6) δ 155.85, 134.96, 132.20, 129.18, 127.03, 78.82, 45.81, 43.49, 28.50, 
18.51. 
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HRMS (ESI-TOF) m/z: [M+H+] calculated for C14H22NO2S = 268.0102; found mass = 268.0102 
4.2.f: Anti-Markovnikov-Selective Hydrothiolation of Allyl Amines  
 
General Procedure for anti-Markovnikov hydrothiolation 
[Rh(cod)Cl]2 (5.92 mg, 0.012 mmol, 3.0 mol %), dppbz (13.39 mg, 0.03 mmol, 7.5 mol %), and dry toluene 
(200 μL) were added to 4 mL vial equipped with a stir bar in the glove box. To the reaction mixture was 
added amine (0.4 mmol, 1.0 equiv.). Subsequently, thiol (2.0 mmol, 5.0 equiv.) was added. The vial was 
brought out of the box (sealed) and stirred (420 rpm) at 80 ˚C for 24 h. The crude solution was cooled to 
room temperature, dissolved in CH2Cl2, and purified by silica gel chromatography (125 mL silica loaded 
in 10% Et2O in CH2Cl2, and eluted with 3% NH4OH : 2 to 3% MeOH : 10 % Et2O: 84 to 85% CHCl2 v/v 
prepared by extracting saturated NH4OH with CH2Cl2, removing aqueous layer, then adding to a solution 
of MeOH and Et2O). Following in-vacuo concentration, the amine was dissolved in hexanes and filtered 
through a celite plug to remove [Rh] and afford the pure 1,3-aminothioether.  
Synthesis of 3a' 
 
3a' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with 2a 
(70.90 mg, 0.4000 mmol) and thiophenol (205.37 µL, 2.000 mmol). The crude product was purified by 
silica gel chromatography to afford 3a' (57.9 mg, 50% yield) as a yellow oil. 
Rf (3% MeOH/CH2Cl2) = 0.13 
1H NMR (500 MHz, Benzene-d6) δ 7.29 (dd, J = 8.4, 1.1 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 7.03 (tt, J = 8.0, 
7.5, 1.8 Hz, 2H), 6.92 (tt, J = 7.4, 1.3 Hz, 1H), 6.83 (d, J = 8.5 Hz, 2H), 3.51 (s, 2H), 3.34 (s, 3H), 2.78 (t, 
J = 7.1 Hz, 2H), 2.46 (t, J = 6.6 Hz, 2H), 1.62 (p, J = 7.1 Hz, 2H), 1.01 (br s, 1H). 
13C NMR (101 MHz, Benzene-d6) δ 159.19, 137.71, 133.00, 129.49, 129.06, 129.03, 125.67, 113.98, 54.78, 
53.50, 47.97, 31.29, 29.82. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H22NOS = 288.1422; found, 288.1413. 
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Synthesis of 3d' 
  
3d' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with 2d 
(58.89 mg, 0.4000 mmol) and thiophenol (205.37 µL, 2.000 mmol). The crude product was purified by 
silica gel chromatography to afford 3d' (52.5 mg, 50% yield) as a yellow oil. 
Rf (3% MeOH/CH2Cl2) = 0.14 
1H NMR (500 MHz, Benzene-d6) δ 7.32 – 7.23 (m, 4H), 7.19 (dd, J = 8.4, 6.7 Hz, 2H), 7.12 (t, J = 7.4 Hz, 
1H), 7.03 (t, J = 7.7 Hz, 2H), 6.92 (t, J = 7.5 Hz, 1H), 3.50 (s, 2H), 2.76 (t, J = 7.3 Hz, 2H), 2.42 (t, J = 6.7 
Hz, 2H), 1.59 (p, J = 6.9 Hz, 2H), 0.88 (br s, 1H). 
13C NMR (101 MHz, Benzene-d6) δ 140.98, 137.58, 128.95, 128.37, 128.22, 126.93, 125.58, 53.92, 47.93, 
31.14, 29.72. One C(sp2) resonance not located. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H20NS = 258.1316; found mass = 258.1317. 
Synthesis of 3h' 
 
3h' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with 2h 
(86.08mg, 0.400 mmol) and thiophenol (205.37 µL, 2.00 mmol). The crude product was purified by silica 
gel chromatography to afford 3h' (52.5mg, 37% yield) as a yellow oil. 
Rf (3% MeOH/CH2Cl2) = 0.29 
1H NMR (499 MHz, Benzene-d6) δ 7.38 (d, J = 8.0 Hz, 2H), 7.29 (dd, J = 8.3, 1.2 Hz, 2H), 7.07 – 7.01 (m, 
4H), 6.94 (t, J = 7.2 Hz, 1H), 3.31 (s, 2H), 2.75 (t, J = 7.2 Hz, 2H), 2.32 (t, J = 6.7 Hz, 2H), 1.56 (p, J = 6.9 
Hz, 2H), 0.56 (br s, 1H). 
13C NMR (126 MHz, CDCl3) δ 144.38, 136.61, 129.31, 129.04 (q, J = 31.1 Hz), 129.02, 128.42, 126.07, 
124.38 (q, J = 3.7 Hz), 123.30 (q, J = 273.3 Hz), 53.40, 48.07, 31.61, 29.52. 
19F NMR (376 MHz, Benzene-d6) δ -62.34. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H19NSF3 = 326.1190; found mass = 326.1180. 
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Synthesis of 3n' 
 
3n' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with 2a 
(70.90mg, 0.400 mmol) and p-methoxythiophenol (2.0 mmol, 246.84 µL). The crude product was purified 
by silica gel chromatography to afford 3n' (48.3 mg, 38% yield) as a yellow oil. 
Rf (3% MeOH/CH2Cl2) = 0.13 
1H NMR (499 MHz, Benzene-d6) δ 7.35 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 
2H), 6.67 (d, J = 8.5 Hz, 2H), 3.53 (s, 2H), 3.34 (s, 3H), 3.24 (s, 3H), 2.78 (t, J = 7.2 Hz, 2H), 2.51 (t, J = 
6.7 Hz, 2H), 1.65 (p, J = 6.9 Hz, 2H), 0.94 (s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 159.27, 159.22, 133.32, 133.22, 129.47, 127.58, 114.90, 114.01, 54.79, 
53.61, 48.09, 33.80, 30.23. One C(sp3) resonance not located. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C18H24NO2S = 318.1528; found mass = 318.1520. 
Synthesis of 3q' 
 
3q' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with 1a 
(70.90mg, 0.4000 mmol) and thiophenol (205.37 µL, 2.000 mmol). The crude product was purified by silica 
gel chromatography to afford 3q' (55.0 mg, 45% yield) as a yellow oil. 
Rf (3% MeOH/CH2Cl2) = 0.17 
1H NMR (500 MHz, Benzene-d6) δ 7.19 (d, J = 8.5 Hz, 2H), 7.07 (dd, J = 8.8, 5.2 Hz, 2H), 6.83 (d, J = 8.5 
Hz, 2H), 6.68 (t, J = 8.7 Hz, 2H), 3.51 (s, 2H), 3.34 (s, 3H), 2.68 (t, J = 7.3 Hz, 2H), 2.45 (t, J = 6.6 Hz, 
2H), 1.56 (p, J = 6.9 Hz, 2H), 1.00 (br s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 161.77 (d, J = 245.1 Hz), 159.16, 132.88, 132.30 (d, J = 3.4 Hz), 131.88 
(d, J = 7.8 Hz), 129.37, 115.97 (d, J = 21.9 Hz), 113.92, 54.66, 53.45, 47.78, 32.50, 29.76. 
19F NMR (376 MHz, Benzene-d6) δ -116.71. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H21NSF = 306.1328; found mass = 306.1318. 
 
 
 
 102 
 
 
Synthesis of 3t' 
 
3t' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with 1a 
(70.90mg, 0.4000 mmol) and 4-trifluoromethylthiophenol (273.84 µL, 2.000 mmol). The crude product 
was purified by silica gel chromatography to afford 3t' (64.2 mg, 45 % yield) as a yellow oil. 
Rf (5% MeOH/CH2Cl2) = 0.26 
1H NMR (500 MHz, Benzene-d6) δ 7.23 – 7.17 (m, 4H), 6.98 (d, J = 8.2 Hz, 2H), 6.84 (dt, J = 8.6, 2.8, 1.9 
Hz, 2H), 3.51 (s, 2H), 3.35 (s, 3H), 2.67 (t, J = 7.3 Hz, 2H), 2.42 (t, J = 6.5 Hz, 2H), 1.53 (p, J = 7.3, 6.7, 
6.7 Hz, 2H), 0.85 (s, 1H). 
13C NMR (126 MHz, Benzene-d6) δ 159.18, 143.26, 132.84, 129.36, 127.03, 126.72 (q, J = 32.5 Hz), 125.64 
(q, J = 3.8 Hz), 123.83 (q, J = 271.8 Hz), 113.93, 54.66, 53.47, 47.71, 29.81, 29.33. 
19F NMR (470 MHz, Benzene-d6) δ -62.37. 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C18H21NOSF3 = 356.1296; found mass = 356.1290. 
Synthesis of 5c' 
 
5c' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with 4c 
(53.28mg, 0.4000 mmol) and thiophenol (205.37 µL, 2.000 mmol). The crude product was purified by silica 
gel chromatography to afford 5c' (72.0 mg, 74% yield) as a yellow oil. 
Rf (3% MeOH/CH2Cl2) = 0.19 
1H NMR (499 MHz, Benzene-d6) δ 7.20 (dd, J = 7.5, 1.7 Hz, 2H), 7.12 – 7.06 (m, 4H), 7.06 – 7.01 (m, 1H), 
6.97 (t, J = 7.7 Hz, 2H), 6.88 (t, J = 7.3 Hz, 1H), 3.73 (t, J = 6.7 Hz, 1H), 2.71 (t, J = 7.4 Hz, 2H), 1.77 (ddt, 
J = 17.6, 13.7, 6.7 Hz, 2H), 0.89 (br s, 2H). 
13C NMR (126 MHz, Benzene-d6) δ 146.58, 137.53, 129.09, 128.63, 127.13, 126.61, 125.75, 55.23, 39.21, 
30.47. 
HRMS (ESI-TOF) m/z: [M+Na+] calculated for C15H18NS = 244.1160; found mass = 244.1151.  
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Synthesis of boc-protected-5e' 
 
5e' was synthesized according to the general procedure for anti-Markovnikov hydrothiolation with allyl 
amine (30.00 μL, 0.4000 mmol) and thiophenol (205.37 µL, 2.000 mmol). After cooling to room 
temperature, di-tert-butyl carbonate (137.82 μL, 0.6000 mmol) was added and the reaction was stirred for 
6 hours. The crude product was purified by silica gel chromatography (9:1 hexanes: ethyl acetate) to afford 
boc-protected 5e' (46.0 mg, 43% yield) as a colorless oil.  
 
Rf (10%EtAc/Hexanes) = 0.17 
1H NMR (499 MHz, Benzene-d6) δ 7.17 (d, J = 7.7 Hz, 2H), 6.98 (t, J = 7.6 Hz, 2H), 6.89 (t, J = 7.6, 7.2 
Hz, 1H), 3.97 (br s, 1H), 3.00 – 2.83 (m, 2H), 2.49 (t, J = 7.2 Hz, 2H), 1.44 (p, J = 6.8 Hz, 2H), 1.40 (s, 
9H). 
13C NMR (126 MHz, Benzene-d6) δ 155.73, 137.21, 129.32, 129.08, 125.90, 78.50, 39.65, 30.81, 30.18, 
29.68, 28.48. 
HRMS (ESI-TOF) m/z: [M+Na+] calculated for C15H21NO2SNa, 290.1186; found, 290.1181. 
 
The crude reaction mixtures of allyl amine (4e) could not be analyzed by GC, likely due to protonation of 
allyl amine under the reaction conditions. The regioselectivity of the hydrothiolation of allyl amine was 
therefore determined by 1H NMR analysis of the crude reaction mixture. 
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Figure 4.15: 1H NMR of the crude reaction mixture of allyl amine (4e) under Markovnikov conditions.  
 
Figure 4.16: 1H NMR of the crude reaction mixture of allyl amine (4e) under anti-Markovnikov conditions.  
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4.2g: Crystallographic Data 
Preparation of tosyl-5c 
 
 
To a 20 mL scintillation vial was added 5c (167 mg, 0.600 mmol, 1 equiv.) and DCM (10 mL), Na2CO3 
(105 mg, 1.00 mmol, 1.66 equiv.), and tosyl chloride (125 mg, 0.660 mmol, 1.1 equiv) and a magnetic 
stirbar. The vial was capped and stirred 16 h. Once the reaction was complete the solution was concentrated 
to a white powder and purified by column chromatography (9:1 hexanes: ethyl acetate) affording tosyl-5c 
as a white powder (216 mg, 0.500 mmol, 83.3%). 
 
1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.2 Hz, 2H), 7.30 – 7.22 (m, 5H), 7.18 – 7.08 (m, 4H), 7.01 (d, 
J = 8.4 Hz, 2H), 5.56 (d, J = 6.5 Hz, 1H), 4.40 (dd, J = 6.4, 4.3 Hz, 1H), 3.43 (qd, J = 7.0, 4.3 Hz, 1H), 2.39 
(s, 3H), 1.19 (d, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 143.54, 136.83, 136.18, 133.64, 133.59, 132.31, 129.50, 129.28, 128.96, 
128.34, 127.73, 127.31, 59.94, 50.58, 21.63, 16.98. 
HRMS (ESI-TOF) m/z: [M+Na+] calculated for C22H22NO2S2ClNa, 454.0678; found, 454.0671.  
Suitable crystals were grown by dissolving 40 mg of tosyl-5c in 600 μL of DCM in a 4 mL vial. On top of 
the DCM was carefully layered 2 mL of hexane. The vial was sealed with a Teflon lined cap and left to sit 
overnight resulting in the formation of colorless needles.  
 
Table 4.17: Crystallographic data for tosyl-5c. 
Emperical formula C22 H23 Cl N O2 S2  
Formula weight 432.00  
Temperature 100(2) K  
Wavelength 0.71073 Å  
Crystal system Orthorhombic  
Space group P 21nb  
Unit cell dimensions a= 9.4658(4) Å b= 11.3757(4) Å 
c= 19.3517(7) α= β= γ= 90°  
Volume 2083.79(14) Å3  
Z 4  
Density (calculated) 1.380 g/cm3`  
Absorption coefficient 0.402 mm-1  
F(000) 908  
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Table 4.17 (cont.)    
Crystal size 0.342 x 0.071 x 0.066 mm3  
Theta range for data collection 2.077 to 27.914°.  
Index ranges -12<=h<=10, -14<=k<=14, -
25<=l<=23 
 
Reflections collected  27819  
Independent reflections 4948 [R(int) = 0.0463)  
Completeness to theta 99.9%  
Absorption correction Integration  
Refinement method Full-matrix least-squares on F2  
Data/ restraints/ parameters 4948 / 1 / 256  
Goodness-of-fit on F2 1.017  
Final R indices [I>2sigma(I)] R1 = 0.0463, wR2 = 0.1210  
 
 
Figure 4.17: Crystal structure of tosyl-5c. Hydrogen atoms (except for Hydrogen atoms attached to C14 
and C15 to unambiguously show diastereoselectivity) are omitted for clarity. Ellipsoids are drawn at 50% 
probability level. 
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4.3: Experimental Procedures for Chapter 2 
4.3.a: Method development 
i. General procedure for the high throughput screening of chiral ligands  
 
Inside of a glovebox under N2, a stock solution of the rhodium catalyst was prepared by dissolving 
Rh(nbd)2BF4 (45 mg, 0.12 mmol) in 1,2-dichloroethane (6 mL) in a 20 mL screw-cap scintillation vial. The 
reaction was modestly stirred until a clear orange solution was obtained. This stock solution was dosed out 
into 1.5 mL vials (20 μL per vial) containing pre-weighed chiral ligands in a 96-well reactor plate. The 
corresponding solutions were stirred at 35 °C for 30 minutes. After which, the 1,2-dichloroethane was 
removed under reduced pressure. Next, a stock solution of amine 1a and morpholine was prepared by 
dissolving amine 1a (71 mg, 0.4 mmol) and morpholine (42 μL, 0.48 mmol) in 4mL of dioxane in a 20 mL 
screw-cap scintillation vial. The solution was modestly stirred. Subsequently, the stock solution was dosed 
out into each of the 96-well vials (40 μL per vial). The reactions were heated to 60 °C and stirred for 15 
hours. After 15 hours, the reactions were cooled to room temperature, diluted with acetonitrile and analyzed 
by supercritical fluid chromatography (SFC) to probe the enantiomeric excess.  
 
ii. Scale up and isolation of compound 
Inside of a glovebox under an inert atmosphere of N2, Rh(nbd)2BF4 (7.48 mg, 0.02 mmol) and (S)-OMe-
BIPHEP-ligand 12 (10.85 mg, 0.02 mmol) were added to 4 mL scintillation vial. Subsequently, 2 mL of 
dioxane were added, followed by amine 1a (35.42 mg, 0.2 mmol) and morpholine (20.98 μL, 0.24 
mmol). The vial was capped with a screw cap septum and brought out of the glovebox. The reaction was 
heated to 60 °C and stirred for 16 h. After such time, the reaction nwas cooled to room temperature. The 
crude yield of the reaction was determined by 1H NMR using 1-methylnapthalene as an internal standard. 
Purification by flash column chromatography (1% MeOH, 25% EtAc, 74% hexanes on basic alumina 
(prepared by adding 9 mL of water)) yielded 7 as a pale yellow oil (27.1 mg, 51% yield). The 1H NMR 
spectra matched that found in literature.30 The enantioselecitivty of the reaction was determined by HPLC 
analysis of the purified 1,2-diamine (IC-3, 95% hexanes, 5% IPA, 0.3% TFA, 0.2% DEA, 1 mL/min).  
1H NMR (500 MHz, Benzene-d6) δ 7.27 – 7.21 (m, 2H), 6.83 – 6.76 (m, 2H), 3.71 – 3.59 (m, 2H), 3.55 – 
3.42 (m, 4H), 3.28 (d, J = 0.8 Hz, 3H), 2.61 – 2.46 (m, 1H), 2.42 (dd, J = 11.7, 8.4 Hz, 1H), 2.33 (dd, J = 
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11.6, 4.8 Hz, 1H), 2.20 (ddd, J = 10.0, 6.0, 3.0 Hz, 2H), 2.06 (ddd, J = 11.0, 6.0, 3.1 Hz, 2H), 0.70 (d, J = 
6.5 Hz, 3H). 
HPLC trace for isolation 
Racemic chromatogram 
 
Isolation with chiral ligand chromatogram 
 
iii: General procedure for the screening of conditions with OMe-BIPHEP ligand 
Inside of a glovebox under an inert atmosphere of N2, Rh(nbd)2BF4 (xx mmol) and (R)-OMe-BIPHEP-
ligand 12 (xx mmol) were added to 4 mL scintillation vials. Subsequently, 2 mL of dioxane were added, 
followed by amine 1a (35.42 mg, 0.2 mmol) and morpholine (20.98 μL, 0.24 mmol). The vials were 
capped with screw cap septa and brought out of the glovebox. The reactions were heated to 60 °C and 
stirred for 16 h. After such time, the reactions were cooled to room temperature. The crude yield of the 
reaction was determined by GC using 1-methylnapthalene as an internal standard. Purification by flash 
column chromatography (1% MeOH, 25% EtAc, 74% hexanes on basic alumina (prepared by adding 9 
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mL of water)) yielded 7 as a pale yellow oil. The enantioselecitivty of the reaction was determined by 
HPLC analysis of the purified 1,2-diamine (IC-3, 95% hexanes, 5% IPA, 0.3% TFA, 0.2% DEA, 1 
mL/min).  
HPLC traces for Scheme 2.13  
entry 6: 
 
 
entry 7: 
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entry 10: 
 
 
entry 11: 
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4.4: Experimental Procedures for Chapter 3 
4.4.a: Method Development on homoallyl benzene 8a 
Table 4.18: Optimization table for 8a 
 
entry 
mol % 
[Pd] Equiv 3a 
mol % 
Bu4NOAc 
mol % 
Bu4NCl 
T Total Yield 
(%) 
Yield 9a 
(%) a-M/M 
1c 6 6 0 0 60 88  0 <1 
2 c 6 6 5 5 60 15 3 <1 
3 6 6 5 5 60 47 18 1 
4 6 6 5 10 60 47 24 2 
5 6 6 5 20 60 43 27 3 
6 6 6 10 20 60 47 30 4 
7 d 6 6 10 20 60 66 52 9 
8 d 6 6 10 20 80 79 56 4 
9 d 2 2 10 20 80 86 62 4 
10 1 1 10 20 80 55 43 7 
11 d 2 2 15 25 80 75 60 8 
12d,e 2 2 30 50 80 71 58 36 
13 d 2 2 20 30 80 24 21 130 
a Total yield of all stereo- and constitutional isomers was determined by GC analysis of the crude reaction mixture. The yield of 
4a’ is given in parenthesis. b Conditions: olefin, amine nucleophile (0.10 mmol), Pd(OAc)2 (0.005 mmol), NBu4Cl (0.025 mmol), 
NBu4OAc (0.015 mmol), DMA (1.0 M), and a balloon of O2 (1 atm) at 80 °C for 24 h. c PhCN used as solvent d 5 Å MS (50 mg) 
added e 10 mol % Pd(OAc)2 . 
 
 
 
 112 
 
 
4.4.b: Method Development on homoallyl alcohol 10a  
Table 4.19: Solvent screen 
 
solvent 
 in situ  
yield (%)a 
11a:11a’ 
(a-M:M) 
DMA  74 13 
DMF  50 12 
NMP  57 12 
Diglyme  14 6 
Mesitylene  40 21 
PhCl 
 41 17 
PhNO2 
 49 19 
a
 In situ yield determined by gas chromatographic analysis and comparison to an internal standard 
Table 4.20: Oxidant screen 
 
oxidant 
 in situ  
yield (%)a 
11a:11a’ 
(a-M:M) 
CuCl2 
 0 NA 
BQ  9 5 
DQ  21 9 
O2 
 74 13 
Air  40 13 
Methyl Methacrylate 
 46 11 
a
 In situ yield determined by gas chromatographic analysis and comparison to an internal standard 
 113 
 
 
Table 4.21: Additive screen 
 
additive mol % 
in situ  
yield (%)a 
11a:11a’ 
(a-M:M) 
Bu
4
NCl 5% 14 5.0 
Bu
4
NCl 10% 90 16.4 
Bu
4
NCl 20% quant 29.7 
Bu
4
NBr 20% 75 14.3 
Bu
4
NI 20% 49 7.0 
LiCl 20% 10 1.6 
NaCl 20% 0 NA 
KCl 20% 0 NA 
CsCl 20% 0 NA 
a
 In situ yield determined by gas chromatographic analysis and comparison to an internal standard 
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Table 4.22: Molecular Sieve screen 
 
amt. Mol. Sieve 
in situ  
yield (%)a 
11a:11a’ 
(a-M:M) 
0 mg 5 Å 29 5.8 
10 mg 5 Å 55 11.1 
20 mg 5 Å 69 12.2 
50 mg 5 Å quant 17.1 
50 mg 3 Å 84 20.7 
50 mg 4 Å 0 NA 
a
 In situ yield determined by gas chromatographic analysis and comparison to an internal standard 
Table 4.23: Temperature screen 
 
temperature time (h) 
in situ  
yield (%)a 
11a:11a’ 
(a-M:M) 
60 8 56 25.7 
70 8 70 19.5 
80 6 68 16.9 
80 12 quant 17.1 
80 24 quant 29.7 
a
 In situ yield determined by gas chromatographic analysis and comparison to an internal standard 
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Table 4.24: Equivalents screen 
 
nucleophile (mmol) olefin (mmol) 
in situ  
yield (%)a 
11a:11a’ 
(a-M:M) 
0.1 0.1 quant 18.8 
0.1 0.12 86 18.4 
0.1 0.15 98 19.2 
0.1 0.2 83 14.1 
0.1 0.5 77 13.1 
0.1 0.1 90 16.0 
0.12 0.1 98 12.6 
0.15 0.1 quant 10.6 
0.2 0.1 quant 10.3 
0.5 0.1 quant 9.8 
a
 In situ yield determined by gas chromatographic analysis and comparison to an internal standard 
4.4.c: Cis-  vs. trans-aminopalladation 
Determination of Products and Their Ratios: 
 
Shown in Figure 4.18 are the products that were detected from the oxidative amination of (Z)-β-
deuterostyrene. It should be noted that cis products were not observed in the GC trace of a crude reaction 
mixture or in the 1H NMR spectrum of the final product. 
 
Figure 4.18: Products observed from oxidative amination of (Z)-β-deuterostyrene. 
 
 
Confirmation of deuterium at both vinylic positions can be seen in the 1H NMR (Figure 4.19). In the product 
mixture, the doublet for the β-proton (Figure 19, 7.36 ppm83) has disappeared underneath the triplet for the 
meta protons. The doublet for the α-proton (7.67 ppm83) has been converted into a broad singlet. These data 
suggest A is the major component of the product mixture. A small amount of a doublet at 7.67 ppm can be 
clearly seen, indicating a small amount of C is also present.  
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Figure 4.19: 1H NMR of pure C and the deuterated product mixture. 
 
 
 
 
 
1H NMR (zoomed) of pure C. 
 
1H NMR (zoomed) of the product mixture. 
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The integrations also confirm the presence of deuterium. The triplet at 7.36 ppm in the product mixture 
integrates to slightly more than 2, whereas it integrates to 3 for C. The singlet at 7.67 ppm also integrates 
for slightly less than one, indicating a small amount of B is also present. To determine the exact amounts 
of A, B, C, and D in the mixture, isotope ratio mass spectrometry and 2H NMR were employed. 
 
An isotope ratio mass spectrum of the product mixture was obtained (Figure 4.20). The experimental ratio 
of the [M+H+], [M+H++1], and [M+H++2] peaks were compared with the theoretical ratios of the pure 
components. This allows for the relative amounts of (A+B), C, and D to be calculated. The 2H NMR of the 
product mixture allows for the relative amounts of A and B to be calculated (Figure 4.21).  
 
Figure 4.20: Isotope mass spectrum of product mixture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
m/z
249 250 251 252 253 254 255
%
0
100
SNG-IV-262  275 (6.900) Cn (Cen,5, 80.00, Ht); Sm (SG, 2x0.80); Cm (230:292-28:58) Scan ES+ 
4.74e4251.2
47359
250.2
5027
252.2
8780
 
[M+H+]=251.2 
 
Mass Area Intensity 
250.2 5027 8.2% 
251.2 47359 77.4% 
252.2 8780 14.4% 
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Figure 4.21: 2H NMR of the product mixture. 
 
 
Analysis of Results: 
Scheme 4.20: Product distribution 
 
 
Isotope ratio mass spectrometry data indicates that the mono-deuterated products A and B are major, 
making up 89.0% of the overall product mixture. 2H NMR indicates a ratio of 87% A and 13% B, making 
A and B 77.4% and 11.6% of the overall mixture, respectively. The non-deuterated and the di-deuterated 
products are minor, making up only 9.6% and 1.4%, respectively. The results are summarized in Scheme 
4.20 above. 
 
Mechanistically, product A would most likely form via a trans aminopalladation pathway (Scheme 4.21). 
Trans aminopalladation of styrene forms a benzylic-Pd(II) species I. From here, bond rotation can occur to 
form pre-trans and pre-cis intermediates. The pre-trans intermediate is preferred, as the phthalimide unit 
is anti to the phenyl ring. This leads to -hydride elimination and formation of the major product A. 
A 
B 
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Therefore, because A is the major product observed, it is likely that the oxidative amination reaction 
reported herein proceeds through such a mechanism. 
 
Scheme 4.21: Trans-aminopalladation pathway 
 
 
Enrichment of deuterium at the β-carbon (product B) could occur through several pathways. One involves 
the less likely instance where trans aminopalladation/β-deuteride elimination occurs to give cis-d0 (Scheme 
4.21, lower pathway). However, cis products were not detected in the GC of a crude reaction or in 1H NMR 
of the final product. Therefore, it seems plausible that a [Pd]–D mediated isomerization could occur to 
convert cis-d0 into B (Scheme 4.22). 
 
Scheme 4.22: Cis-to-trans isomerization of cis-d0 by a [Pd]–D 
 
 
Alternatively, cis aminopalladation/β-deuteride elimination could occur to form C (Scheme 4.23). 
Incorporation of deuterium in the benzylic position followed by isomerization of the resulting cis-d1 product 
by a [Pd]–H could afford B. 
 
Scheme 4.23: Alternative Pathways to Form B 
 
 
A final pathway for the production of B could involve scrambling of the deuterium within the starting 
material or product by a [Pd]–H. 
 
Taken together, the 1H and 2H NMR and isotope ratio data strongly suggest that a trans aminopalladation 
mechanism is the major pathway in operation, with the major products observed likely being formed 
through such a mechanism. 
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4.4.d: Substrate Synthesis 
General Procedure for Homoallylic Alcohol Synthesis 
To a flame-dried schlenk flask with Teflon-coated stir bar was added allylmagnesium chloride (1.7 M, 1.5 
equiv). This was cooled to 0 °C, followed by drop-wise addition of aldehyde (1 M in THF). This was 
allowed to stir for 2 hours at 0 °C, then warmed to room temperature and stirred until reaction was complete. 
The reaction was quenched with NH4Cl (sat.), extracted with ethyl acetate, washed with brine, dried over 
MgSO4, and solvent removed under reduced pressure. Products were purified by silica gel chromatography. 
1-phenylbut-3-en-1-ol (10a) 
 
Compound 10a was prepared according to the general procedure with benzaldehyde (50. mmol, 1.0 equiv, 
5.0 mL) and allylmagnesium chloride solution (75 mmol, 1.5 equiv, 44 mL). The crude product was purified 
by silica gel chromatography (9:1 hexanes:ethyl acetate) to afford 10a (7.1 g, 96% yield) as a viscous 
colorless liquid. The characteristic data matched that found in literature.76
1H NMR (499 MHz, CDCl3): δ 7.38 – 7.27 (m, 5H), 5.82 (ddt, J = 17.2, 10.3, 7.1 Hz, 1H), 5.21 – 5.13 (m, 
2H), 4.74 (s, 1H), 2.59 – 2.46 (m, 2H), 2.13 (br, 1H), 2.13. 
13C NMR (126 MHz, CDCl3): δ 143.84, 134.42, 128.37, 127.49, 125.78, 118.34, 73.27, 43.79. 
1-(4-methoxyphenyl)but-3-en-1-ol (10b) 
 
In a dry Schlenk flask charged with a stir bar, 4-methoxybenzaldehyde (50. mmol, 1.0 equiv, 6.1 mL) and 
diethyl ether (50.0 mL) were added under N2 and the solution cooled to 0 °C. Allylmagnesium chloride 
(100 mmol, 2.0 equiv, 59 mL) was added dropwise over 20 minutes, and the reaction was stirred for 2 hours 
at 0 °C and quenched with saturated ammonium chloride. The crude product was extracted with ethyl 
acetate, washed with water and brine, dried over MgSO4, and the solvent evaporated under reduced to afford 
10b (7.9 g, 89% yield) as a viscous colorless liquid. The characteristic data matched that found in literature.1 
1H NMR (499 MHz, CDCl3): δ 7.28 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 5.80 (ddt, J = 17.2, 10.2, 
7.0 Hz, 1H), 5.19 – 5.09 (m, 2H), 4.68 (td, J = 6.6, 2.8 Hz, 1H), 3.80 (s, 3H), 2.50 (t, J = 6.9 Hz, 2H), 2.03 
(br, 1H). 
13C NMR (126 MHz, CDCl3): δ 159.00, 136.04, 134.59, 127.04, 118.16, 113.76, 72.96, 55.25, 43.72. 
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1-(o-tolyl)but-3-en-1-ol (10c) 
 
Compound 10c was prepared according to the general procedure with 2-methylbenzaldehyde (20. mmol, 
1.0 equiv, 2.3 mL) and allylmagnesium chloride solution (30. mmol, 1.5 equiv, 17.7 mL). The crude product 
was purified by silica gel chromatography (9:1 hexanes:ethyl acetate) to afford 10c (3.0 g, 91% yield) as a 
viscous colorless liquid. The characteristic data matched that found in literature.1 
1H NMR (500 MHz, CDCl3): δ 7.49 (dd, J = 7.7, 1.5 Hz, 1H), 7.24 (td, J = 7.4, 1.6 Hz, 1H), 7.19 (td, J = 
7.4, 1.5 Hz, 1H), 7.14 (dd, J = 7.4, 1.5 Hz, 1H), 5.87 (dddd, J = 16.7, 10.1, 7.7, 6.4 Hz, 1H), 5.24 – 5.13 (m, 
2H), 5.00 – 4.95 (m, 1H), 2.55 – 2.49 (m, 1H), 2.50 – 2.41 (m, 1H), 2.35 (s, 3H). 
13C NMR (126 MHz, CDCl3): δ 141.89, 134.69, 134.30, 130.30, 127.19, 126.21, 125.12, 118.24, 69.62, 
42.59, 19.03. 
1-mesitylbut-3-en-1-ol (10d) 
 
Compound 10d was prepared according to the general procedure with 2,4,6-trimethylbenzaldehyde (25 
mmol, 1.0 equiv, 3.7 mL) and allylmagnesium chloride solution (38 mmol, 1.5 equiv, 22 mL). The crude 
product was purified by silica gel chromatography (10% ethyl acetate in hexanes). The compound was 
distilled under reduced pressure to afford 10d (3.21 g, 68% yield) as a viscous colorless liquid. The 
characteristic data matched that found in literature.  
1H NMR (500 MHz, CDCl3): δ 6.87 (s, 2H), 5.89 (dddd, J = 16.7, 10.1, 8.0, 6.3 Hz, 1H), 5.25 – 5.15 (m, 
3H), 2.81 – 2.70 (m, 1H), 2.53 (dddt, J = 14.2, 6.5, 5.3, 1.4 Hz, 1H), 2.46 (s, 6H), 2.31 (s, 3H), 2.06 (d, J = 
2.6 Hz, 1H). 
13C NMR (126 MHz, CDCl3): δ 136.82, 136.26, 135.59, 130.43, 117.94, 70.97, 40.61, 21.04. Only 8 peaks 
are reported due to coincidental carbons. 
2-(1-hydroxybut-3-en-1-yl)phenol  
 
3-(1-hydroxybut-3-en-1-yl)phenol was prepared according to the general procedure with 3-
hydroxybenzaldehyde (40. mmol, 1.0 equiv, 4.9 g) and allylmagnesium chloride (80. mmol, 2.0 equiv, 47 
mL). The crude product was purified by silica gel chromatography (1% to 5% methanol in 
dichloromethane) to afford 3-(1-hydroxybut-3-en-1-yl)phenol (4.3 g, 65% yield) as a tan solid.  
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1H NMR (500 MHz, DMSO-d6): δ 9.25 (s, 1H), 7.06 (t, J = 7.8 Hz, 1H), 6.79 – 6.67 (m, 2H), 6.59 (ddd, J 
= 8.0, 2.5, 1.0 Hz, 1H), 5.74 (ddt, J = 17.1, 10.2, 6.9 Hz, 1H), 5.16 (d, J = 4.3 Hz, 1H), 5.04 – 4.87 (m, 2H), 
4.51 – 4.41 (m, 1H), 2.41 – 2.22 (m, 2H).  
13C NMR (126 MHz, DMSO-d6): δ 157.75, 147.86, 136.34, 129.50, 117.23, 117.19, 114.26, 113.42, 72.86, 
44.36. 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO2 = 187.0735; found mass = 187.0733 
2-(1-hydroxybut-3-en-1-yl)phenyl acetate (10e) 
 
3-(1-hydroxybut-3-en-1-yl)phenol (5.0 mmol, 1.0 equiv, 0.82 g) and DIPEA (15 mmol, 3.0 equiv, 2.6 mL) 
were dissolved in DCM (75 mL) and cooled to 0 °C. Acetic anhydride (5.5 mmol, 1.1 equiv, 520 µL) was 
slowly added in a solution of 5.0 mL of DCM. The reaction was allowed to warm to room temperature and 
stirred for 16 h. After 16 h, aq. NH4Cl was added and the organic layer was extracted with DCM (3 x 100 
mL). The combined organic layers were washed with H2O (3 x 100 mL). The organic layer was dried with 
MgSO4, filtered through Celite and concentrated under reduced pressure. The crude product was purified 
by silica gel chromatography (10% to 20% ethyl acetate in hexanes) to afford 10e (842 mg, 82% yield) as 
a viscous colorless liquid.  
1H NMR (500 MHz, Chloroform-d): δ 7.34 (d, J = 8.2 Hz, 1H), 7.21 (ddd, J = 7.6, 1.7, 0.9 Hz, 1H), 7.12 – 
7.08 (m, 1H), 7.00 (ddd, J = 8.1, 2.4, 1.1 Hz, 1H), 5.80 (ddtd, J = 16.9, 10.3, 7.1, 6.6, 0.9 Hz, 1H), 5.19 – 
5.11 (m, 2H), 4.72 (dd, J = 7.8, 5.1 Hz, 1H), 2.57 – 2.38 (m, 2H), 2.29 (s, 1H). 
13C NMR (126 MHz, CDCl3): δ 169.80, 150.96, 146.11, 134.43, 129.58, 123.51, 120.79, 119.28, 118.76, 
72.98, 43.94, 21.38. 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO2 = 229.0841; found mass = 229.0829 
3-(1-hydroxybut-3-en-1-yl)phenyl trifluoromethanesulfonate (10f) 
 
3-(1-hydroxybut-3-en-1-yl)phenol (5.0 mmol, 1.0 equiv, 0.82 g) and DIPEA (15 mmol, 3.0 equiv, 2.6 mL) 
were dissolved in DCM (75 mL) and cooled to 0 °C. Trifluoromethanesulfonic anhydride (5.2 mmol, 1.05  
equiv, 850 µL) was slowly added in a solution of 5 mL of DCM. The reaction was stirred at 0 °C for 2 h. 
The organic layer was washed with H2O (3 x 100 mL) and brine (1 x 100 mL). The organic layer was dried 
with MgSO4, filtered through Celite and concentrated under reduced pressure. The crude product was 
purified by silica gel chromatography (9:1 hexanes:ethyl acetate) to afford 10f (770 mg, 52% yield) as a 
viscous, slightly tan liquid.  
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1H NMR (500 MHz, CDCl3): δ 7.43 (t, J = 7.9 Hz, 1H), 7.38 (d, J = 7.8 Hz, 1H), 7.31 (s, 1H), 7.18 (dd, J = 
8.1, 2.6, 1H), 5.78 (dddd, J = 16.8, 10.6, 7.8, 6.5 Hz, 1H), 5.22 – 5.13 (m, 2H), 4.80 (dt, J = 7.9, 3.9 Hz, 
1H), 2.54 (dddt, J = 13.9, 6.1, 4.6, 1.4 Hz, 1H), 2.45 (dt, J = 14.7, 8.0 Hz, 1H), 2.16 (d, J = 3.2 Hz, 1H). 
13C NMR (126 MHz, CDCl3): δ 149.65, 146.98, 133.36, 130.12, 125.68, 120.12, 119.35, 118.72, 118.69 
(q, JC,F = 320.7 Hz), 72.09, 43.86.  
19F NMR (470 MHz, CDCl3): δ -72.95. 
HRMS (ESI-TOF): m/z [M+H+] calculated C11H11O4F3S = 295.0252; found = 295.0250 
1-(3-chlorophenyl)but-3-en-1-ol (10g) 
 
Compound 10g was prepared according to the general procedure with 3-chlorobenzaldehyde (25 mmol, 1.0 
equiv, 3.5 g) and allylmagnesium chloride (37.5 mmol, 1.5 equiv, 22.1). The crude product was purified by 
silica gel chromatography (10% ethyl acetate in hexanes). The compound was distilled under reduced 
pressure to afford 10g (2.4 g, 53% yield) as a viscous colorless liquid. The characteristic data matched that 
found in literature.77 
1H NMR (500 MHz, CDCl3): δ 7.33 (d, J = 8.6 Hz, 2H), 7.28 (d, J = 8.6 Hz, 2H), 5.87 – 5.71 (m, 1H), 5.22 
– 5.10 (m, 2H), 4.70 (ddd, J = 7.8, 5.1, 2.3 Hz, 1H), 2.54 – 2.40 (m, 2H), 2.33 (d, J = 2.7 Hz, 1H).  
13C NMR (126 MHz, CDCl3): δ 142.37, 134.06, 133.20, 128.60, 127.30, 118.89, 72.66, 43.91. 
1-(4-(trifluoromethyl)phenyl)but-3-en-1-ol (10h) 
 
Compound 10h was prepared according to the general procedure with 4-(trifluoromethyl)benzaldehyde (25 
mmol, 1.0 equiv, 3.3 mL) and allylmagnesium chloride solution (38 mmol, 1.5 equiv, 22 mL). The crude 
product was purified by silica gel chromatography (10% ethyl acetate in hexanes). The compound was 
distilled under reduced pressure to afford 10h (3.0 g, 56% yield) as a viscous colorless liquid. The 
characteristic data matched that found in literature.1 
1H NMR (500 MHz, CDCl3): δ 7.60 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 5.84 – 5.73 (m, 1H), 5.19 
(m, 1H), 5.17 – 5.14 (m, 1H), 4.78 (dd, J = 8.1, 4.8 Hz, 1H), 2.57 – 2.50 (m, 1H), 2.49 – 2.42 (m, 1H), 2.33 
(s, 1H). 
13C NMR (126 MHz, CDCl3): δ 147.87, 133.80, 129.79 (q, J = 32.2 Hz), 126.20, 125.45 (q, J = 3.7 Hz), 
124.28 (d, J = 272.0 Hz), 119.28, 72.66, 44.00. 
19F NMR (376 MHz, CDCl3): δ -65.60. 
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1-(3,5-bis(trifluoromethyl)phenyl)but-3-en-1-ol (10i) 
 
Compound 10i was prepared according to the general procedure with 3,5-bis(trifluoromethyl)benzaldehyde 
(10 mmol, 1.0 equiv, 2.4 g) and allylmagnesium chloride (15, 1.5 equiv, 8.8 mL). The crude product was 
purified by silica gel chromatography (0-20% Ethyl acetate in hexanes) to afford 10i (2.1 g, 75% yield) as 
a viscous colorless liquid. The characteristic data matched that found in literature.78  
1H NMR (500 MHz, CDCl3): δ 7.83 (s, 2H), 7.79 (s, 1H), 5.80 (dddd, J = 16.8, 10.3, 7.9, 6.3 Hz, 1H), 5.27 
– 5.17 (m, 2H), 4.88 (dd, J = 8.4, 4.4 Hz, 1H), 2.59 (dddt, J = 14.1, 5.9, 4.3, 1.3 Hz, 1H), 2.45 (dtt, J = 14.1, 
8.2, 1.1 Hz, 1H). 
 
13C NMR (126 MHz, CDCl3): δ 146.29, 132.98, 131.60 (q, J = 33.3 Hz), 126.02, 121.36 (hept, J = 3.9 Hz), 
122.33 (q, J = 273.6, 272.7, 272.1 Hz), 119.90, 71.88, 43.96. 
 
19F NMR (470 MHz, CDCl3): δ -62.88. 
1-(furan-2-yl)but-3-en-1-ol (10j) 
 
Compound 10j was prepared according to the general procedure with 2-furaldehyde (25 mmol, 1.0 equiv, 
2.1 mL) and allylmagnesium chloride (38 mmol, 22 mL). The crude product was purified by silica gel 
chromatography (10% ethyl acetate in hexanes). The compound was vacuum distilled to afford 10j (2.5 g, 
72% yield) as a colorless liquid. The characteristic data matched that found in literature.1 
1H NMR (500 MHz, CDCl3): δ 7.34 (dd, J = 1.8, 0.9 Hz, 1H), 6.30 (dd, J = 3.2, 1.8 Hz, 1H), 6.21 (dt, J = 
3.2, 0.8 Hz, 1H), 5.76 (ddt, J = 17.2, 10.2, 7.1 Hz, 1H), 5.17 – 5.03 (m, 2H), 4.73 – 4.63 (m, 1H), 2.79 (s, 
1H), 2.65 – 2.51 (m, 2H). 
13C NMR (126 MHz, CDCl3): δ 156.11, 141.86, 133.81, 118.22, 110.10, 106.08, 66.89, 40.00.  
1-(thiophen-2-yl)but-3-en-1-ol (10k) 
 
Compound 10k was prepared according to the general procedure with thiophene-2-carboxaldehyde (30 
mmol, 2.63 mL). The crude product was purified by silica gel chromatography (30% methylene chloride in 
hexanes) affording 10k (1.7 g, 37% yield) as a yellow oil. Spectra matched those previously reported.1 
Rf  (30% methylene chloride in hexanes): 0.37 
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1H NMR (400 MHz, CDCl3): δ 7.28–7.24 (m, 1H), 7.04–6.94 (m, 2H), 5.84 (ddt, J = 17.2, 10.2, 7.1 Hz, 
1H), 5.28–5.13 (m, 2H), 5.05–4.93 (m, 1H), 2.69–2.57 (m, 2H), 2.17 (d, J = 4.1 Hz, 1H). 
13C NMR (125 MHz, CDCl3): δ 148.03, 134.07, 126.90, 124.85, 123.96, 119.15, 69.62, 44.07. 
(E)-1-phenylhexa-1,5-dien-3-ol (10l) 
 
Compound 10l was prepared according to the general procedure with cinnamaldehyde (20. mmol, 1.0 equiv, 
2.5 mL) and allylmagnesium chloride solution (30. mmol, 1.5 equiv, 18 mL). The crude product was 
purified by silica gel chromatography (9:1 hexanes:ethyl acetate) to afford 10l (3.5 g, 81% yield) as a 
viscous colorless liquid. The characteristic data matched that found in literature.1  
1H NMR (499 MHz, CDCl3): δ 7.39 (dt, J = 8.2, 1.8 Hz, 2H), 7.32 (td, J = 6.9, 6.5, 1.6 Hz, 2H), 7.25 (tt, J 
= 7.3, 1.2 Hz, 1H), 6.62 (d, J = 15.9, 1H), 6.25 (dd, J = 15.9, 6.3 Hz, 1H), 5.87 (ddt, J = 17.2, 10.2, 7.1 Hz, 
1H), 5.23 – 5.14 (m, 2H), 4.37 (q, J = 5.7 Hz, 1H), 2.52 – 2.30 (m, 2H), 1.88 (br, 1H). 
13C NMR (101 MHz, CDCl3): δ 136.58, 133.99, 131.48, 130.30, 128.53, 127.62, 126.43, 118.50, 71.66, 
41.97. 
1-cyclohexylbut-3-en-1-ol (10n) 
 
Compound 10n was prepared according to the general procedure with cyclohexanecarboxaldehyde (25 
mmol, 3.0 mL). The crude product was purified by silica gel chromatography (50% methylene chloride in 
pentane) yielded the alcohol as a clear oil (1.3 g, 33%). Spectra matched those previously reported.1 
Rf (methylene chloride): 0.32 
1H NMR (500 MHz, CDCl3): δ 5.84 (ddd, J = 15.8, 11.0, 6.2 Hz, 1H), 5.18–5.05 (m, 2H), 3.46–3.31 (m, 
1H), 2.46–2.24 (m, 1H), 2.20–2.06 (m, 1H), 1.90-1.81 (m, 1H), 1.81–1.72 (m, 2H), 1.72–1.63 (m, 2H) 1.54 
(d, J = 4.0 Hz, 1H), 1.43–1.31 (m, 1H), 1.30–0.93 (m, 5H). 
13C NMR (125 MHz, CDCl3): δ 135.75, 118.26, 75.00, 43.37, 39.11, 29.37, 28.41, 26.80, 26.57, 26.43. 
2,2-dimethylhex-5-en-3-ol (10o) 
 
Compound 10o was prepared according to the general procedure with pivaldehyde (20. mmol, 2.2 mL). 
The crude product was purified by silica gel chromatography (50% methylene chloride in pentane) yielded 
the alcohol as a volatile clear oil (620 mg, 24%). Spectra matched those previously reported.1 
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Rf (50% methylene chloride in pentane): 0.24 
1H NMR (400 MHz, CDCl3): δ 5.86 (ddd, J = 18.2, 10.8, 5.6 Hz, 1H), 5.22–5.08 (m, 2H), 3.26 (ddd, J = 
10.6, 3.4, 2.1 Hz, 1H), 2.37 (m, 1H), 1.98 (m, 1H), 1.59 (d, J = 3.5 Hz, 1H), 0.92 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 136.84, 118.08, 78.38, 36.84, 34.90, 26.03. 
9-((tert-butyldimethylsilyl)oxy)non-1-en-4-ol (10p) 
 
Compound 10p was prepared according to the general procedure with 6-((tert-
butyldimethylsilyl)oxy)hexanal (6.1 mmol, 1.4 g). The crude product was purified by silica gel 
chromatography (15% ethyl acetate in hexanes) yielded 10p (1.20 g, 75% yield) as a clear oil. Spectra 
matched those previously reported.79 
Rf (15% ethyl acetate in hexanes): 0.46 
1H NMR (400 MHz, CDCl3): δ 5.89–5.77 (m, 1H), 5.22–5.10 (m, 2H), 3.68–3.63 (m, 1H), 3.60 (t, J = 6.6 
Hz, 2H), 2.37–2.24 (m, 1H), 2.20–2.08 (m, 1H), 1.60–1.44 (m, 6H), 1.39–1.31 (m, 3H), 0.89 (s, 9H), 0.04 
(s, 6H). 
13C NMR (125 MHz, CDCl3): δ 135.15, 118.41, 70.88, 68.26, 63.47, 42.24, 37.09, 33.09, 26.27, 26.14, 
25.77, -4.97. 
1-phenylprop-2-en-1-ol (10q) 
 
In a dry Schlenk flask charged with a stir bar, benzaldehyde (25 mmol, 1.0 equiv, 2.65 mL) and THF (30 
mL) were added under N2 and the solution cooled to 0 °C. Vinylmagnesium bromide (30 mmol, 1.2 equiv, 
33 mL) was added dropwise over 20 minutes. The reaction was stirred for 30 minutes at 0 °C, then warmed 
to room temperature stirred for 12 hours. The reaction was quenched with saturated ammonium chloride, 
then extracted with ethyl ether, washed with water and brine, dried over MgSO4 and the solvent evaporated 
under reduced. Silica gel chromatography to afford 10q (2.1g, 64% yield) as a viscous colorless liquid. 
1H NMR (500 MHz, CDCl3): δ 7.42 – 7.33 (m, 4H), 7.33 – 7.27 (m, 1H), 6.06 (ddd, J = 17.1, 10.2, 6.1 Hz, 
1H), 5.36 (dt, J = 17.2, 1.3 Hz, 1H), 5.24 – 5.17 (m, 2H), 1.96 (br, 1H). 
13C NMR (126 MHz, CDCl3): δ 142.51, 140.15, 128.51, 127.70, 126.28, 115.08, 75.29.  
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(1-methoxybut-3-en-1-yl)benzene (15) 
 
In a dry Schlenk flask charged with a stir bar, anhydrous acetonitrile (10mL) was combined with 
trifluoroacetic acid (0.5 mmol, 0.1 equiv., 38 µL). To this was added (dimethoxymethyl)benzene (5 mmol, 
1 equiv., 750 µL) and allyltrimethylsilane (7.5 mmol, 1.5 equiv., 1.19 mL). This was stirred at room 
temperature for 24 hours, then added to brine and extracted with Et2O. The combined organic layers were 
washed with sat. NaHCO3, then brine, and dried of MgSO4 followed by filtration. Column chromatography 
(19:1 hexanes:ethyl acetate) afforded the product (268.1 mg, 31%). 
1H NMR (400 MHz, CDCl3): δ 7.39 – 7.33 (m, 2H), 7.33 – 7.26 (m, 3H), 5.77 (ddt, J = 17.1, 10.2, 6.9 
Hz, 1H), 5.12 – 4.98 (m, 2H), 4.17 (dd, J = 7.5, 5.8 Hz, 1H), 3.22 (s, 3H), 2.57 (pt, J = 7.2, 1.2 Hz, 1H), 
2.41 (dddt, J = 14.1, 7.0, 5.8, 1.4 Hz, 1H). 
 
13C NMR (126 MHz, CDCl3): δ 141.62, 134.75, 128.30, 127.55, 126.67, 116.82, 83.58, 56.57, 42.49. 
 
4.4.e: Experimental Procedures and Characterization 
General Procedure for the oxidative amination of homoallyl benzenes 9a-9c 
Pd(OAc)2 (5.6 mg, 0.025 mmol, 0.050 equiv), Bu4NCl (34.74 mg, 0.125 mmol, 0.25 equiv), Bu4NOAc 
(22.61 mg, 0.075 mmol, 0.15 equiv), phthalimide (73.6 mg, 0.50 mmol, 1.0 equiv), and 5Å molecular sieves 
(250 mg) were weighed into a 20 mL vial with a Teflon coated stir bar. N,N-dimethylacetamide (0.50 mL) 
was added, followed by olefin (1.0 mmol, 1.0 equiv) in one portion via syringe. This vial was purged with 
oxygen gas, then sealed with a septum-lined cap and an oxygen-filled balloon was affixed through the 
septum. The reaction was heated and stirred at 80 °C for 24 h. GC samples were obtained by addition of 1-
methylnaphthalene followed by mixing and sampling, whereas isolation was achieved by solid-loading the 
crude mixture onto celite, followed by silica gel chromatography using a mixture of hexanes:EtOAc, unless 
otherwise noted. 
(E)-2-(4-phenylbut-3-en-1-yl)isoindoline-1,3-dione (9a) 
 
Compound 9a was prepared according to the general procedure with 4-phenyl-1-butene (148.3 mg, 1.0 
mmol). The crude mixture was purified by silica gel chromatography (5% to 10% to 20% ethyl acetate in 
hexanes) to afford 9a (a-M) (78 mg, 56% yield) as a white solid. 
Rf (9:1 Hexanes:Ethyl Acetate): 0.20 
m.p.: 130-134 °C 
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1H NMR (500 MHz, CDCl3): δ 7.84 (dt, J = 6.9, 3.4 Hz, 2H), 7.71 (dp, J = 6.7, 3.6 Hz, 2H), 7.34 – 7.26 (m, 
4H), 7.23 – 7.19 (m, 1H), 6.45 (d, J = 16.1 Hz, 1H), 6.20 (dt, J = 15.8, 7.1 Hz, 1H), 3.86 (t, J = 7.1 Hz, 2H), 
2.63 (qd, J = 7.2, 1.5 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 168.42, 137.31, 133.99, 132.67, 132.16, 128.57, 127.31, 126.25, 126.23, 
123.32, 37.67, 32.34. 
IR (neat): 3025 (s), 1771 (s), 1702 (s), 1615 (s). 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO2 = 278.1181; found mass = 278.1178 
(E)-2-(4-(4-methoxyphenyl)but-3-en-1-yl)isoindoline-1,3-dione (9b) 
 
Compound 9b was prepared according to the general procedure with 4-(4-methoxyphenyl)-1-butene (1.0 
mmol, 162 mg) and phthalimide (0.50 mmol, 74 mg). The reaction provided 9b (a-M) and 9b’ (M) in a 
10:1 ratio, as determined by gas chromatography of the crude reaction mixture. Purification by silica gel 
chromatography (7.5-10% ethyl acetate in hexanes) gave 9b (a-M) (83 mg, 54% yield) as a white solid.  
Rf (10% ethyl acetate in hexanes): 0.30 
m.p.: 139.3-140.5 °C (lit.80 136.5-138.0 ºC). 
1H NMR (500 MHz, CDCl3): δ 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.69 (dd, J = 5.5, 3.0 Hz, 2H), 7.23 (d, J = 
8.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 6.37 (d, J = 15.8 Hz, 1H), 6.03 (dt, J = 15.7, 7.1 Hz, 1H), 3.83 (t, J = 
7.1 Hz, 2H), 3.79 (s, 3H), 2.58 (dt, J = 7.1, 1.4 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 168.57, 159.14, 134.09, 132.32, 132.17, 130.30, 127.47, 124.14, 123.43, 
114.11, 55.49, 37.94, 32.44. 
 (E)-2-(4-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)isoindoline-1,3-dione (9c) 
 
Compound 9c was prepared according to the general procedure with 1-(but-3-en-1-yl)-4-
(trifluoromethyl)benzene (189 mg, 1.0 mmol). The crude mixture was purified by silica gel chromatography 
(7.5% ethyl acetate in hexanes) to afford 9c (97 mg, 61% yield) as a white solid. 
Rf (9:1 Hexanes:Ethyl Acetate): 0.18 
m.p.: 140-142 °C 
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1H NMR (500 MHz, CDCl3):  δ 7.83 (dd, J = 5.4, 3.0 Hz, 2H), 7.70 (dd, J = 5.4, 3.0 Hz, 2H), 7.52 (d, J = 
8.2 Hz, 2H), 7.38 (d, J = 8.1 Hz, 2H), 6.45 (d, J = 15.8 Hz, 1H), 6.28 (dt, J = 15.6, 7.1 Hz, 1H), 3.87 (t, J = 
6.9 Hz, 2H), 2.64 (q, J = 7.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 168.28, 140.62, 133.95, 131.99, 131.28, 129.09, 129.02 (q, J = 32.4 Hz), 
126.24, 125.41 (q, J = 3.8 Hz), 124.18 (q, J = 271.1), 123.24, 37.31, 32.27. 
19F NMR (470 MHz, CDCl3) δ -62.55. 
IR (neat): 2938, 1775, 1701, 1615, 1397 
HRMS (ESI-TOF): m/z [M+H+] calculated C19H15F3NO2 = 346.1055; found mass = 346.1048 
General Procedure for the oxidative amination of allyl benzenes 9d-9f 
Pd(OAc)2 (5.6 mg, 0.025 mmol, 0.050 equiv), Bu4NCl (28 mg, 0.10 mmol, 0.20 equiv), nucleophile (0.55 
mmol, 1.1 equiv), and 5Å molecular sieves (250 mg) were weighed into a 20 mL vial with a Teflon coated 
stir bar. N,N-dimethylacetamide (0.50 mL) was added, followed by olefin (0.50 mmol, 1.0 equiv) in one 
portion via syringe. This vial was purged with oxygen gas, then sealed with a septum-lined cap and an 
oxygen-filled balloon was affixed through the septum. The reaction was heated and stirred at 80 °C for 24 
h. GC samples were obtained by addition of 1-methylnaphthalene followed by mixing and sampling, 
whereas isolation was achieved by solid-loading the crude mixture onto celite, followed by silica gel 
chromatography using a mixture of hexanes:EtOAc, unless otherwise noted. 
 2-cinnamylisoindoline-1,3-dione (9d) 
 
Compound 9dwas prepared according to the general procedure with allyl benzene (0.5 mmol, 59 mg). The 
crude product was purified by silica gel chromatography (5% to 10% ethyl acetate in hexanes) to afford a 
mixture of 9d isomers (33 mg, 25% yield) as a white solid Four isomers are observed in the crude and 
purified GC traces. The isomers were identified by 1H NMR and by comparison to an authentic sample to 
be E/Z isomers of both Markovnikov and anti-Markovnikov products (Figure 4.22-4.26, Scheme 4.24). See 
relevant GC, GCMS, and 1H NMR data following the tabulated characterization of the major isomer.  
Rf (9:1 Hexanes:Ethyl Acetate): 0.19 
m.p.: 142-152 °C 
1H NMR (500 MHz, CDCl3): δ 7.85 (dt, J = 6.8, 3.4 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 7.35 (d, J = 
7.3 Hz, 2H), 7.28 (t, J = 7.5 Hz, 3H), 7.24 – 7.21 (m, 1H), 6.66 (d, J = 15.8 Hz, 1H), 6.26 (dt, J = 15.8, 6.5 
Hz, 1H), 4.45 (dd, J = 6.4, 1.4 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 168.06, 136.33, 134.09, 133.89, 132.27, 128.63, 128.00, 126.63, 123.42, 
122.83, 39.79. 
IR (neat): 3044 (s), 3025 (s), 1770 (s), 1701 (br), 1611 (s). 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO2 = 264.1025; found mass = 264.1023 
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Figure 4.22: GC trace of crude mixture of 9d.  
 
Crude GC Ratio of (2+4):(1+3) = 9d (a-M):9d’ (M) = 13:1 
Crude GC Ratio of 3:1 = Z:E ratio of 9d’ (M) = 2:1 
Crude GC Ratio of 4:2 = Z:E ratio of 9d (a-M) = 11:1 
Figure 4.23: GC trace of purified mixture of 9d isomers. 
 
Purified GC Ratio of (2+4):(1+3) = 9d (a-M):9d’ (M) = 14:1 
Purified GC Ratio of 3:1 = Z:E ratio of 9d’ (M) = 3:1 
Purified GC Ratio of 4:2 = Z:E ratio of 9d (a-M) = 108:1 
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Figure 4.24: GC-MS trace of crude mixture of 9d. 
 
Corresponding MS of peak at Rt=6.84 min from crude trace of 9d:  
 
Note: Due to different column conditions on the GC, compared to that of the GC-MS instrument, the 
retention times differ between instruments.  
Scheme 4.24: Synthesis of authentic (E)-9d’ (M) 
 
 
Methyl cinnamic acid (5.0 mmol, 1.0 equiv, 810 mg), N-bromosuccinimide (5.3 mmol, 1.1 equiv, 930 mg), 
and LiOAc (1.0 mmol, 0.2 equiv, 66 mg) were added to a 10 mL microwave vial. The mixture was dissolved 
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in a solution of MeCN/H2O (4.6:0.4 mL). The reaction was kept inside a 2455 MHz CEM Discover Reactor 
oven operated at 200 watts and was irradiated for 1 min without stirring. The reaction mixture was cooled 
to room temperature and removed from the oven. The solvent was evaporated under reduced pressure and 
the compound was loaded onto Celite without further work up. The compound was purified via column 
chromatography (100% hexanes) to afford (2-bromoprop-1-en-1-yl)benzene as a mixture of E:Z isomers 
(1.6:1) (218 mg, 22%).  
 
Phthalimide (0.5 mmol, 1.0 equiv, 74 mg), N,N’-dimethylethylenediamine (0.050 mmol, 0.10 equiv, 5.4 
µL), K2CO3 (0.28 mmol, 0.55 equiv, 38 mg), and CuI (0.025 mmol, 0.050 equiv, 4.8 mg) were added to a 
4 mL scintillation vial. Toluene (150 µL) was added and the mixture was cooled to 0 °C. The isomeric 
mixture of (2-bromoprop-1-en-1-yl)benzene was cooled and added to the reaction vessel. The mixture was 
stirred at 115 °C for 16 hrs. The crude GCMS trace was used as an authentic standard to support the presence 
of (E)-9d’ (M) in the isomeric mixture of 9d (Figure 4.25). The 1H NMR of the purified sample provided 
further support (Figure 4.26).  
Figure 4.25: GC-MS trace of authentic (E)-9d’ (M). 
 
 
 
 
 
 
 
 
 133 
 
 
Figure 4.25 (cont.): Corresponding MS of peak at Rt=6.84 min from authentic (E)-9d’ (M).  
 
Figure 4.26: Diagnostic regions of the NMR of the purified mixture of 9d isomers. 
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Figure 4.26 (cont.).  
 
(E)-2-(3-(4-methoxyphenyl)allyl)isoindoline-1,3-dione (9e) 
 
Compound 9e was prepared according to the general procedure with 4-vinylanisole (0.50 mmol, 89 mg) 
and phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (5% to 
10% ethyl acetate in hexanes) to afford 9e (43.5 mg, 30% yield) as a white solid. The isomers were 
identified by NMR to be E/Z isomers of both Markovnikov and anti-Markovnikov products. The rationale 
used to identify the isomers of 9d was used to calculate the following isomeric ratios of 9e from the crude 
GC:  
9e (a-M):9e’ (M) = 9:1 
E:Z ratio of 9e’ (M) = 2:1 
E:Z ratio of 9e (a-M) = 6:1 
Rf (4:1 Hexanes:Ethyl Acetate): 0.31 
m.p.: 118-132 °C 
1H NMR (500 MHz, CDCl3): δ 7.86 (dd, J = 5.5, 3.1 Hz, 2H), 7.72 (dd, J = 5.6, 3.1 Hz, 2H), 7.30 (d, J = 
8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 6.62 (d, J = 15.8 Hz, 1H), 6.13 (dt, J = 15.8, 6.6 Hz, 1H), 4.43 (d, J 
= 6.6 Hz, 2H), 3.79 (s, 3H). 
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13C NMR (126 MHz, CDCl3): δ 168.09, 159.50, 134.04, 133.45, 132.29, 129.11, 127.83, 123.37, 120.56, 
114.02, 55.35, 39.87. 
IR (neat): 3029 (s), 1768 (s), 1706 (s), 1606 (s). 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO2 = 294.1130; found mass = 294.1129 
(E)-2-(3-(4-(trifluoromethyl)phenyl)allyl)isoindoline-1,3-dione (9f) 
 
Compound 9f was prepared according to the general procedure with 4-(trifluoromethyl)allylbenzene (0.50 
mmol, 93.0 mg) and phthalimide (0.55 mmol, 80.9 mg). The crude product was purified by silica gel 
chromatography (5% to 10% ethyl acetate in hexanes) to afford 9f (38 mg, 23% yield) as a white solid. 
Unlike 9d-e, stereo- and constitutional isomers of 9f were observed in <5% yield according the crude GC 
trace.  
Rf (9:1 Hexanes:Ethyl Acetate): 0.12 
m.p.: 140-143 °C 
1H NMR (500 MHz, CDCl3): δ 7.87 (dd, J = 5.4, 3.1 Hz, 2H), 7.73 (dd, J = 5.5, 3.0 Hz, 2H), 7.53 (d, J = 
8.2 Hz, 2H), 7.43 (d, J = 8.1 Hz, 2H), 6.66 (d, J = 15.9 Hz, 1H), 6.35 (dt, J = 15.9, 6.3 Hz, 1H), 4.47 (dd, J 
= 6.4, 1.4 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 168.02, 139.81, 134.22, 132.33, 132.20, 129.77 (q, J = 32.6 Hz), 126.81, 
125.67, 125.61 (q, J = 4.0 Hz), 124.22 (d, J = 271.9 Hz), 123.52, 39.59. 
19F NMR (470 MHz, CDCl3): δ -62.94. 
IR (neat): 3027 (s), 1769 (s), 1698 (s), 1616 (s). 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO2 = 332.0898; found mass = 332.0896 
General Procedure for anti-Markovnikov Oxidative Amination  
Pd(OAc)2 (5.6 mg, 0.025 mmol, 0.050 equiv), Bu4NCl (28 mg, 0.10 mmol, 0.20 equiv), nucleophile (0.55 
mmol, 1.1 equiv), and 5Å molecular sieves (250 mg) were weighed into a 20 mL vial with a Teflon coated 
stir bar. N,N-dimethylacetamide (0.50 mL) was added, followed by olefin (0.50 mmol, 1.0 equiv) in one 
portion via syringe. This vial was purged with oxygen gas, then sealed with a septum-lined cap and an 
oxygen-filled balloon was affixed through the septum. The reaction was heated and stirred at 80 °C for 24 
h. GC samples were obtained by addition of 1-methylnaphthalene followed by mixing and sampling, 
whereas isolation was achieved by solid-loading the crude mixture onto celite, followed by silica gel 
chromatography using a mixture of hexanes:EtOAc, unless otherwise noted. 
Note – for alpha alkyl homoallylic alcohols, an additional 5 mol % Bu4NOAc was added via a 
stock solution in DMA. 
 136 
 
 
2-(4-oxo-4-phenylbutyl)isoindoline-1,3-dione (11a) 
 
Compound 11a was prepared according to the general procedure with 10a (0.50 mmol, 74 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (7:1 
Hexanes:Ethyl Acetate) then washed with NaOH (to remove co-eluting phthalimide) to afford 11a (110 
mg, 75% yield) as a white solid.  
This procedure was modified to 10x the standard scale, as follows: 
Pd(OAc)2 (56 mg, 0.25 mmol, 0.050 equiv), Bu4NCl (278 mg, 1.0 mmol, 0.20 equiv), phthalimide (5.5 
mmol, 810 mg, 1.1 equiv), and 5Å molecular sieves (2.50 g) were weighed into a 250 mL round bottom 
flask with Teflon coated stir bar. N,N-dimethylacetamide (5.0 mL) was added, followed by olefin (5.0 
mmol, 740 mg, 1.0 equiv) in one portion via syringe. This flask was purged with oxygen gas, then sealed 
with a septum and 4 oxygen-filled balloon were affixed through the septum. The reaction was heated and 
stirred at 80 °C for 24 h. The crude product was purified by silica gel chromatography (7:1 Hexanes:Ethyl 
Acetate) then washed with NaOH (to remove co-eluting phthalimide) to afford 11a (1.12 g, 77% yield) as 
a white solid.  
Rf (4:1 Hexanes:Ethyl Acetate): 0.28 
m.p.: 128-130 °C 
1H NMR (500 MHz, CDCl3): δ 7.92 (dd, J = 8.4, 1.4 Hz, 2H), 7.84 (dd, J = 5.4, 3.1 Hz, 2H), 7.71 (dd, J = 
5.5, 3.0 Hz, 2H), 7.55 (tt, J = 7.5, 7.4, 1.3, 1.2 Hz, 1H), 7.44 (dd, J = 8.3, 7.2 Hz, 2H), 3.83 (t, J = 6.8 Hz, 
2H), 3.06 (t, J = 7.3 Hz, 2H), 2.15 (p, J = 7.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 198.80, 168.43, 136.73, 133.93, 133.03, 132.05, 128.55, 127.96, 123. 24, 
37.45, 35.76, 23.14. 
IR (neat): 2955, 2925, 2852, 1771, 1702, 1693 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO3 = 294.1130; found mass = 294.1137 
1-(4-oxo-4-phenylbutyl)pyrrolidine-2,5-dione (12a) 
 
Compound 12a was prepared according to the general procedure with 10a (0.50 mmol, 74 mg) and 
succinimide (0.55 mmol, 55 mg). The crude product was purified by silica gel chromatography (2:1 
Hexanes:Ethyl Acetate) to afford 12a (73 mg, 60% yield) as a white solid.  
Rf (Ethyl Acetate): 0.25 
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m.p.: 110-112 °C 
1H NMR (500 MHz, CDCl3): δ 7.93 (dd, J = 8.3, 1.4 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.7 Hz, 
2H), 3.64 (t, J = 6.9 Hz, 2H), 3.03 (t, J = 7.1 Hz, 2H), 2.69 (s, 4H), 2.05 (p, J = 7.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 198.82, 177.33, 136.70, 133.10, 128.59, 127.93, 38.39, 35.94, 28.15, 22.10. 
IR (neat): 2951, 1772, 1693 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C14H16NO3 = 246.1130; found mass = 246.1129 
2-(4-oxo-4-phenylbutyl)benzo[d]isothiazol-3(2H)-one 1,1-dioxide (13a) 
 
Compound 13a was prepared according to the general procedure with 10a (0.50 mmol, 74 mg) and 
saccharin (0.55 mmol, 101 mg). The crude product was purified by silica gel chromatography (4:1 
Hexanes:Ethyl Acetate) to afford 13a (128 mg, 78% yield) as a white solid.  
Rf (4:1 Hexanes:Ethyl Acetate): 0.15 
m.p.:  119-121 °C 
1H NMR (500 MHz, CDCl3): δ 8.06 (d, J = 7.4 Hz, 1H), 7.96 (dd, J = 8.2, 1.0 Hz, 2H), 7.93 (d, J = 7.3 Hz, 
1H), 7.87 (td, J = 7.5, 1.3 Hz, 1H), 7.83 (td, J = 7.4, 1.3 Hz, 1H), 7.55 (tt, J = 7.4, 1.2 Hz, 1H), 7.45 (t, J = 
7.6 Hz, 2H), 3.94 (t, J = 6.8 Hz, 2H), 3.15 (t, J = 7.1 Hz, 2H), 2.31 (p, J = 6.9 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 198.58, 159.13, 137.66, 136.73, 134.75, 134.33, 133.08, 128.57, 127.99, 
127.33, 125.19, 120.96, 38.89, 35.43, 22.66. 
IR (neat): 3090, 1725, 1681, 1596 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C17H16NO4S = 330.0800; found mass = 330.0807 
5-nitro-2-(4-oxo-4-phenylbutyl)isoindoline-1,3-dione (14a) 
 
Compound 14a was prepared according to the general procedure with 10a (0.50 mmol, 74 mg) and 4-
nitrophthalimide (0.55 mmol, 106 mg). The crude product was purified by silica gel chromatography (10-
30% ethyl acetate in hexanes) to afford 14a as a white solid (106 mg, 63%).  
Rf  (7:3 Hexanes:Ethyl Acetate): 0.44  
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m.p.: 147-149 ºC.  
1H NMR (500 MHz, CDCl3): δ8.65 (d, J = 1.9 Hz, 1H), 8.60 (dd, J = 8.1, 2.0 Hz, 1H), 8.03 (d, J = 8.0 Hz, 
1H), 7.91 (d, J = 7.4 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.7 Hz, 2H), 3.88 (t, J = 6.8 Hz, 2H), 3.08 
(t, J = 7.0 Hz, 2H), 2.18 (p, J = 7.0 Hz, 2H). 
13C NMR (125 MHz, CDCl3): δ198.78, 166.49, 166.23, 151.92, 136.84, 136.73, 133.69, 133.41, 129.46, 
128.84, 128.15, 124.67, 118.87, 38.48, 35.92, 23.04. 
IR (neat): 3105, 2952, 2865, 1783, 1717, 1707 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated for C18H15N2O5, 339.0978; found, 339.0981. 
2-(4-(4-methoxyphenyl)-4-oxobutyl)isoindoline-1,3-dione (11b) 
 
Compound 11b was prepared according to the general procedure with 10b (0.50 mmol, 89 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (4:1 
Hexanes:Ethyl Acetate) to afford 11b (90 mg, 56% yield) as a white solid. 
Rf (4:1 Hexanes:Ethyl Acetate): 0.14 
m.p.:  112-113 °C 
1H NMR (500 MHz, CDCl3) δ 7.90 (d, J = 8.9 Hz, 2H), 7.84 (dd, J = 5.4, 3.0 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 
Hz, 2H), 6.91 (d, J = 8.9 Hz, 2H), 3.86 (s, 3H), 3.81 (t, J = 6.9 Hz, 2H), 3.00 (t, J = 7.3 Hz, 2H), 2.13 (p, J 
= 7.1 Hz, 2H). 
13C NMR (126 MHz, CDCl3) δ 197.35, 168.42, 163.39, 133.90, 132.08, 130.24, 129.87, 123.22, 113.67, 
55.44, 37.54, 35.40, 23.33. 
IR (neat): 2941, 1770, 1702, 1671, 1598 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C19H18NO4 = 324.1236; found mass = 324.1235 
2-(4-oxo-4-(o-tolyl)butyl)isoindoline-1,3-dione (11c) 
 
Compound 11c was prepared according to the general procedure with 10c (0.50 mmol, 81 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (7:1 
Hexanes:Ethyl Acetate) then washed with NaOH (to remove co-eluting phthalimide) to afford 11c (98 mg, 
64% yield) as a white solid.  
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Rf (4:1 Hexanes:Ethyl Acetate): 0.33 
m.p.: 105-107 °C 
1H NMR (500 MHz, CDCl3): δ 7.84 (dd, J = 5.4, 3.1 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 7.61 (dd, J = 
7.7, 1.4 Hz, 1H), 7.35 (td, J = 7.5, 1.4 Hz, 1H), 7.25 – 7.21 (m, 2H), 3.81 (t, J = 6.8 Hz, 2H), 2.97 (t, J = 7.2 
Hz, 2H), 2.46 (s, 3H), 2.11 (p, J = 7.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 202.83, 168.43, 138.01, 137.75, 133.92, 132.05, 131.89, 131.20, 128.35, 
125.64, 123.24, 38.57, 37.41, 23.22, 21.22. 
IR (neat): 3103, 3046, 1774, 1699, 1676 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C19H18NO3 = 308.1287; found mass = 308.1282 
2-(4-mesityl-4-oxobutyl)isoindoline-1,3-dione (11d) 
 
Compound 11d was prepared according to the general procedure with 10d (0.50 mmol, 95 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (15% ethyl 
acetate in hexanes) then washed with NaOH (to remove co-eluting phthalimide) to afford 11d (52 mg, 31% 
yield) as a white solid.  
Rf (4:1 Hexanes:Ethyl Acetate): 0.35 
m.p.: 145-150 °C 
1H NMR (500 MHz, CDCl3): δ 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 6.80 (s, 2H), 
3.78 (t, J = 7.0 Hz, 2H), 2.75 (t, J = 7.4 Hz, 2H), 2.25 (s, 3H), 2.16 (s, 6H), 2.10 (p, J = 7.2 Hz, 2H).  
13C NMR (126 MHz, CDCl3): δ 209.60, 168.59, 139.59, 138.62, 134.23, 132.75, 132.28, 128.72, 123.50, 
42.20, 37.72, 22.98, 21.28, 19.41.  
IR (neat): 3035 (s), 1762 (s), 1699 (s), 1609 (s). 
HRMS (ESI-TOF): m/z [M+H+] calculated C16H12NO2 = 336.1600; found mass = 336.1598 
3-(4-(1,3-dioxoisoindolin-2-yl)butanoyl)phenyl acetate (11e) 
 
Compound 11e was prepared according to the general procedure with 10e (0.50 mmol, 103 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (20% to 
50% ethyl acetate in hexanes) to afford 11e (134 mg, 76% yield) as a white solid.  
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Rf (7:3 Hexanes:Ethyl Acetate): 0.26 
m.p.: 120-124 °C 
1H NMR (500 MHz, CDCl3): δ 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.79 (dt, J = 7.8, 1.3 Hz, 1H), 7.71 (dd, J = 
5.5, 3.0 Hz, 2H), 7.63 (t, J = 2.0 Hz, 1H), 7.45 (t, J = 7.9 Hz, 1H), 7.28 (ddd, J = 8.1, 2.4, 1.0 Hz, 1H), 3.81 
(t, J = 6.8 Hz, 2H), 3.03 (t, J = 7.2 Hz, 2H), 2.31 (s, 3H), 2.14 (p, J = 7.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 197.74, 169.29, 168.48, 150.92, 138.24, 134.03, 132.10, 129.70, 126.46, 
125.48, 123.32, 121.18, 37.43, 35.93, 23.10, 21.14.  
IR (neat): 3046 (s), 1759 (s), 1702 (s), 1679 (s), 1586 (s). 
HRMS (ESI-TOF): m/z [M+H+] calculated C20H18NO5 = 352.1185; found mass = 352.1185 
3-(4-(1,3-dioxoisoindolin-2-yl)butanoyl)phenyl trifluoromethanesulfonate (11f) 
 
Compound 11f was prepared according to the general procedure with 10f (0.50 mmol, 148 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (5:1 
Hexanes:Ethyl Acetate) to afford 11f (107 mg, 49% yield) as a white solid. 
Rf (7:3 Hexanes:Ethyl Acetate): 0.2 
m.p.:  50-52 °C 
1H NMR (500 MHz, CDCl3): δ 7.94 (dt, J = 7.8, 1.2 Hz, 1H), 7.84 (dd, J = 5.4, 3.1 Hz, 2H), 7.81 (dd, J = 
2.6, 1.5 Hz, 1H), 7.72 (dd, J = 5.5, 3.0 Hz, 2H), 7.57 (t, J = 8.0 Hz, 1H), 7.47 (ddd, J = 8.3, 2.6, 1.0 Hz, 
1H), 3.83 (t, J = 6.7 Hz, 2H), 3.06 (t, J = 7.1 Hz, 2H), 2.16 (p, J = 6.9 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 196.62, 168.40, 149.73, 138.90, 133.97, 131.93, 130.61, 127.77, 125.65, 
123.22, 120.69, 118.60 (q, J = 321.0 Hz), 37.15, 35.86, 22.81. In the 13C NMR there is slight C,H coupling 
observed due to incomplete decoupling by the instrument with concentrated samples. The peaks have been 
reported at the center of the observed doublets. 
 
19F NMR (470 MHz, CDCl3): δ -72.80. 
IR (neat): 2928, 2942, 1770, 1711, 1683, 1579 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C19H15NO6F3S = 442.0572; found mass = 442.0565 
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2-(4-(3-chlorophenyl)-4-oxobutyl)isoindoline-1,3-dione (11g) 
 
Compound 11g was prepared according to the general procedure with 10g (0.5 mmol, 91 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (15% ethyl 
acetate in hexanes) then washed with NaOH (to remove co-eluting phthalimide) to afford 11g (129 mg, 
79% yield) as a white solid.  
Rf (4:1 Hexanes:Ethyl Acetate): 0.25 
m.p.: 120-122 °C  
1H NMR (500 MHz, CDCl3): δ 7.83 – 7.79 (m, 2H), 7.78 (dd, J = 5.4, 3.1 Hz, 2H), 7.67 (dd, J = 5.5, 3.0 
Hz, 2H), 7.37 – 7.32 (m, 2H), 3.77 (t, J = 6.7 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 2.10 (p, J = 7.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 197.55, 168.42, 139.42, 135.08, 133.99, 132.04, 129.42, 128.87, 123.25, 
37.37, 35.72, 23.07. There are two less signals reported due to coincidental carbons. 
IR (neat): 3089 (s), 1765 (s), 1705 (s), 1679 (s), 1580 (s). 
HRMS (ESI-TOF):: m/z [M+H+] calculated C20H18NO5 = 328.0662; found mass = 328.0698 
2-(4-oxo-4-(4-(trifluoromethyl)phenyl)butyl)isoindoline-1,3-dione (11h) 
 
Compound 11h was prepared according to the general procedure with 10h (0.50 mmol, 108 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (15% ethyl 
acetate in hexanes) then washed with NaOH (to remove co-eluting phthalimide) to afford 11h (130 mg, 
72% yield) as a white solid.  
Rf  (4:1 Hexanes:Ethyl Acetate): 0.32 
m.p.: 160-163 °C 
1H NMR (500 MHz, CDCl3): δ 8.00 (d, J = 8.1 Hz, 2H), 7.81 (dd, J = 5.4, 3.1 Hz, 2H), 7.73 – 7.65 (m, 4H), 
3.81 (t, J = 6.7 Hz, 2H), 3.07 (t, J = 7.1 Hz, 2H), 2.15 (p, J = 6.9 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 197.94, 168.56, 139.51, 134.40 (q, J = 32.7 Hz), 134.12, 132.12, 128.41, 
125.76 (q, J = 3.8 Hz), 123.69 (q, J = 272.7 Hz), 123.38, 37.38, 36.13, 23.04. 
19F NMR (376 MHz, CDCl3): δ -63.52. 
IR (neat): 1774 (s), 1707 (s), 1691 (s), 1618 (s). 
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HRMS (ESI-TOF): m/z [M+H+] calculated C19H15NO3F3 = 362.1004; found mass = 362.1001 
2-(4-(3,5-bis(trifluoromethyl)phenyl)-4-oxobutyl)isoindoline-1,3-dione (11i) 
 
Compound 11i was prepared according to the general procedure with 10i (0.50 mmol, 142 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (9:1 
Hexanes:Ethyl Acetate) to afford 11i (121 mg, 56% yield) as a white solid. 
Rf (4:1 Hexanes:Ethyl Acetate): 0.45 
m.p.:  112-114 °C 
1H NMR (500 MHz, CDCl3): δ 8.33 (s, 2H), 8.06 (s, 1H), 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.72 (dd, J = 5.5, 
3.0 Hz, 2H), 3.84 (t, J = 6.6 Hz, 2H), 3.11 (t, J = 6.9 Hz, 2H), 2.20 (p, J = 6.8 Hz, 2H). 
13C NMR (101 MHz, CDCl3): δ 195.97, 168.45, 138.17, 134.04, 132.25 (q, J = 34.0 Hz), 131.94, 127.96, 
126.22, 123.26, 122.84 (q, J = 273.0 Hz), 37.03, 35.77, 22.69. 
19F NMR (470 MHz, CDCl3): δ -62.98. 
IR (neat): 2985, 1775, 1766, 1703, 1614 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C20H14NO3F6 = 430.0878; found mass = 430.0882 
2-(4-(furan-2-yl)-4-oxobutyl)isoindoline-1,3-dione (11j) 
 
Compound 11j was prepared according to the general procedure with 10j (0.50 mmol, 69 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (20% ethyl 
acetate in hexanes) then washed with NaOH (to remove co-eluting phthalimide) to afford 11j (98 mg, 69% 
yield) as a white solid.  
Rf (7:3 Hexanes:Ethyl Acetate): 0.35 
m.p.: 122-125 °C  
1H NMR (500 MHz, CDCl3): δ 7.82 (dd, J = 5.4, 3.1 Hz, 2H), 7.70 (dd, J = 5.5, 3.0 Hz, 2H), 7.53 (dd, J = 
1.7, 0.8 Hz, 1H), 7.15 (dd, J = 3.6, 0.8 Hz, 1H), 6.50 (dt, J = 3.5, 1.7 Hz, 1H), 3.78 (t, J = 6.9 Hz, 2H), 2.89 
(dd, J = 8.2, 6.7 Hz, 2H), 2.10 (p, J = 7.0 Hz, 2H). 
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13C NMR (126 MHz, CDCl3): δ 188.14, 168.46, 152.61, 146.38, 134.05, 132.15, 123.34, 117.06, 112.30, 
37.53, 35.70, 23.06. 
IR (neat): 3132 (s), 1763 (s), 1702 (s), 1667 (s), 1569 (s), 1566 (s) cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C16H14NO4 = 284.0923; found mass = 284.0921 
2-(4-oxo-4-(thiophen-2-yl)butyl)isoindoline-1,3-dione (11k) 
 
Compound 11k was prepared according to the general procedure with 10k (0.50 mmol, 77 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (10-20% 
ethyl acetate in hexanes) to afford 11k as an off-white powder (117 mg, 78%).  
Rf (4:1 Hexanes:Ethyl Acetate): 0.20  
mp: 121-123 ºC (lit.81 118.5-121.5 ºC).  
1H NMR (500 MHz, CDCl3): δ 7.82 (dd, J = 5.4, 3.0 Hz, 2H), 7.70 (dd, J = 5.5, 3.0 Hz, 2H), 7.68 (dd, J = 
3.9, 1.2 Hz, 1H), 7.60 (dd, J = 5.0, 1.2 Hz, 1H), 7.10 (dd, J = 5.0, 3.8 Hz, 1H), 3.80 (t, J = 6.8 Hz, 2H), 2.99 
(t, J = 7.3 Hz, 2H), 2.14 (p, J = 7.1 Hz, 2H). 
13C NMR (125 MHz, CDCl3): δ 191.97, 168.63, 144.22, 134.20, 133.81, 132.28, 132.12, 128.31, 123.49, 
37.65, 36.70, 23.63. 
IR (neat): 3100, 2954, 2952, 2926, 1770, 1701, 1692 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated for C16H14NO3S, 300.0694; found, 300.0967. 
(E)-2-(4-oxo-6-phenylhex-5-en-1-yl)isoindoline-1,3-dione (11l) 
 
Compound 11l was prepared according to the general procedure with 10l (0.50 mmol, 87 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (5:1 
Hexanes:Ethyl Acetate) to afford 11l (92 mg, 53% yield) as a white solid. 
Rf (4:1 Hexanes:Ethyl Acetate): 0.22 
m.p.: 121-122 °C 
1H NMR (500 MHz, CDCl3): δ 7.84 (dd, J = 5.4, 3.0 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 7.55 – 7.49 
(m, 3H), 7.40 – 7.36 (m, 3H), 6.73 (d, J = 16.2 Hz, 1H), 3.79 (t, J = 6.8 Hz, 2H), 2.75 (t, J = 7.3 Hz, 2H), 
2.09 (p, J = 7.0 Hz, 2H). 
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13C NMR (126 MHz, CDCl3): δ 198.74, 168.42, 142.58, 134.42, 133.93, 132.06, 130.44, 128.90, 128.29, 
125.85, 123.24, 38.05, 37.44, 23.13. 
IR (neat): 3041, 1770, 1707, 1692, 1665, 1617 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C20H18NO3 = 320.1287; found mass = 320.1285 
2-(4-oxopentyl)isoindoline-1,3-dione (11m) 
 
Compound 11m was prepared according to the general procedure with 10m (0.50 mmol, 69 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (4:1 
Hexanes:Ethyl Acetate) to afford 11m (76 mg, 66% yield as a white solid. 
Rf (4:1 Hexanes:Ethyl Acetate): 0.17 
m.p.: 71-72 °C 
1H NMR (500 MHz, CDCl3): δ 7.84 (ddd, J = 5.4, 3.1, 0.8 Hz, 2H), 7.71 (ddd, J = 5.4, 3.0, 0.7 Hz, 2H), 
3.70 (t, J = 6.6 Hz, 2H), 2.50 (t, J = 7.2 Hz, 2H), 2.14 (s, 3H), 1.95 (p, J = 7.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3): δ 207.44, 168.44, 133.95, 132.02, 123.22, 40.53, 37.18, 29.93, 22.66. 
IR (neat): 2925, 1770, 1711, 1608 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C13H14NO3 = 232.0974; found mass = 232.0975 
2-(4-cyclohexyl-4-oxobutyl)isoindoline-1,3-dione (11n) 
 
Compound 11n was prepared according to the general procedure with 10n (0.50 mmol, 77 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (5-10% 
ethyl acetate in hexanes) to afford 11n as a white powder (107 mg, 71%). 
Rf (4:1 Hexanes:Ethyl Acetate): 0.31  
m.p.: 86-87.5 ºC  
1H NMR (500 MHz, CDCl3): δ 7.84 (dd, J = 5.4, 3.0 Hz, 2H), 7.71 (dd, J = 5.4, 3.0 Hz, 2H), 3.70 (t, J = 6.8 
Hz, 2H), 2.50 (t, J = 7.2 Hz, 2H), 2.37-2.35 (m, 1H), 1.94 (p, J = 7.0 Hz, 2H), 1.86-1.70 (m, 4H), 1.69-1.59 
(m, 1H), 1.37-1.11 (m, 5H). 
13C NMR (125 MHz, CDCl3): δ 212.98, 168.71, 134.19, 132.35, 123.49, 50.98, 37.94, 37.69, 28.76, 26.09, 
25.92, 22.89. 
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IR (neat): 2935, 2851, 1770, 1697, 1614 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated for C18H22NO3, 300.1605; found, 300.1600. 
2-(5,5-dimethyl-4-oxohexyl)isoindoline-1,3-dione (11o) 
 
Compound 11o was prepared according to the general procedure with 10o (0.50 mmol, 64 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (5-10% 
ethyl acetate in hexanes) to afford 11o as a white solid (98 mg, 72%).  
Rf (4:1 Hexanes:Ethyl Acetate): 0.36 
m.p.: 53-54.3 ºC.  
1H NMR (500 MHz, CDCl3): δ 7.79 (dd, J = 5.4, 3.1 Hz, 2H), 7.68 (dd, J = 5.5, 3.0 Hz, 2H), 3.66 (t, J = 6.9 
Hz, 2H), 2.54 (t, J = 7.1 Hz, 2H), 1.90 (p, J = 7.0 Hz, 2H), 1.09 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 214.85, 168.58, 134.11, 132.25, 123.38, 44.19, 37.63, 33.87, 26.75, 23.08. 
IR (neat): 2969, 2949, 2913, 2870, 1776, 1772, 1699 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated for C16H20NO3, 274.1443; found, 274.1443. 
2-(9-((tert-butyldimethylsilyl)oxy)-4-oxononyl)isoindoline-1,3-dione (11p) 
 
Compound 11p was prepared according to the general procedure with 10p (0.50 mmol, 137 mg) and 
phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica gel chromatography (5-10% 
ethyl acetate in hexanes) to afford 11p as a clear oil (151 mg, 72%).  
Rf (4:1 Hexanes:Ethyl Acetate): 0.36 
1H NMR (500 MHz, CDCl3): δ 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 3.69 (t, J = 6.7 
Hz, 2H), 3.57 (t, J = 6.5 Hz, 2H), 2.46 (t, J = 7.2 Hz, 2H), 2.39 (t, J = 7.4 Hz, 2H), 1.95 (p, J = 7.0 Hz, 2H), 
1.55 (p, J = 7.6 Hz, 2H), 1.49 (p, J = 6.8 Hz, 2H), 1.29 (m, 2H), 0.87 (s, 9H), 0.02 (s, 6H). 
13C NMR (125 MHz, CDCl3): δ 209.91, 168.69, 134.20, 132.32, 123.48, 63.25, 43.03, 39.95, 37.56, 32.87, 
26.23, 25.71, 23.78, 22.94, 18.62, -5.01. 
IR (atr): 2926, 2857, 1774, 1711 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated for C23H36NO4Si, 418.2414; found, 418.2409. 
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2-(3-oxo-3-phenylpropyl)isoindoline-1,3-dione (11q) 
 
Compound 11q was prepared according to the general procedure with 10q (0.5 mmol, 77.1 mg) and 
phthalimide (0.55 mmol, 80.9 mg). The crude product was purified by silica gel chromatography (5:1 
Hexanes:Ethyl Acetate) to afford 11q (45.9 mg, 33% yield) as a white solid. 
Rf (4:1 Hexanes:Ethyl Acetate): 0.54 
m.p.: 120-122 °C 
1H NMR (500 MHz, CDCl3): δ 7.94 (d, J = 7.1 Hz, 2H), 7.85 (dd, J = 5.4, 3.1 Hz, 2H), 7.72 (dd, J = 5.4, 
3.0 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.7 Hz, 2H), 4.15 (t, J = 7.3 Hz, 1H), 3.43 (t, J = 7.5 Hz, 
1H). 
13C NMR (126 MHz, CDCl3): δ 197.28, 168.12, 136.32, 133.95, 133.33, 132.06, 128.62, 127.98, 123.24, 
36.78, 33.50. 
IR (neat): 3065, 1771, 1712, 1679 cm-1. 
HRMS (ESI-TOF): m/z [M+H+] calculated C17H14NO3 = 280.0974; found mass = 280.0976 
(E/Z)-2-(4-methoxy-4-phenylbut-3-en-1-yl)isoindoline-1.3-dione (16) 
 
Compound (E/Z)-16-(a-M) was prepared according to the general procedure with 15 (0.50 mmol, 81 mg). 
The crude product was analyzed by GC and GC/MS to show a mixture of isomers formed (Figure 4.27-
4.30). To obtain a crude NMR of this isomer mixture without solvent, the reaction was extracted with ethyl 
acetate (3x 10mL), then washed with 2M NaOH (5 mL) followed by brine (10mL) (Figure 4.31-4.33). The 
combined organic layers were dried over MgSO4, then filtered to afford the isomer mixture as a yellow oil 
(89.2 mg, 58%).  
Figure 4.27: (a) GC trace of crude mixture of 16 (b) GC trace of extracted mixture of 16. 
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Figure 4.27 (cont.).  
 
These peaks contain diagnostic signals associated with isomers of the (E/Z)-16-(a-M), and in many cases 
the molecular ion is also visible. In the case of the amination of 11a, we see fragmentation supporting the 
regiochemical outcome of the reaction in the form of fragmentation next to nitrogen the give a 160 fragment 
for the cleavage of phthalimide plus one methylene, along with a small amount of a 174 fragment 
representing cleavage one carbon further.  
Figure 4.28: Fragmentation of anti-Markovnikov isomer 11a. 
 
 
Importantly, in the case of the Markovnikov functionalized product, we do not see this 160 fragment, and 
only see the 174 fragment. The isomer mixture of (E/Z)-16-(a-M) is indicative of anti-Markovnikov 
functionalization, with all GC peaks giving a strong 160 peak and no 174 peak; however, without isolation 
to support the identity of these peaks, this cannot be definitely proved and therefore we are only reporting 
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what we were able to identify through isolation and are reporting the remaining as a mixture of 
constitutional and stereoisomers. 
Figure 4.29: Fragmentation of Markovnikov isomer 11a’. 
 
 
Figure 4.30: Fragmentation patterns of individual peaks. 
a) Peak 1 
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Figure 4.30 (cont.). 
 
b) Peak 2 
 
c) Peak 3 
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Figure 4.30 (cont.). 
d) Peak 4 
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Figure 4.31: NMR of extracted mixture of 16. 
 
Isomers (E/Z)-16-(a-M) were obtained as a mixture via column chromatography, and were by assigned by 
1H NMR (Figure 4.32-4.33). 
Figure 4.32: Characterization of purified (E/Z)-7-(a-M). 
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Figure 4.32 (cont.).  
 
NMR Characterization of diastereomers: 
 
1H NMR (400 MHz, CDCl3) δ 7.84 (dt, J = 4.6, 2.2 Hz, 2H), 7.70 (dd, J = 5.3, 3.0 Hz, 2H), 7.48 – 7.26 
(m, 5H), 5.23 (t, J = 7.4 Hz, 1H), 3.82 (t, J = 7.0 Hz, 2H), 3.39 (s, 3H), 2.66 (q, J = 7.1 Hz, 2H). 
13C NMR (126 MHz, CDCl3) δ 168.41, 156.94, 135.42, 133.94, 133.82, 132.16, 132.09, 128.43, 128.31, 
128.00, 126.90, 126.62, 126.23, 123.30, 123.11, 109.74, 109.49, 95.41, 58.46, 55.08, 38.61, 37.73, 26.72, 
24.98. 
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Figure 4.33: NMR assignment of isomers in purified (E/Z)-16-(a-M). 
 
 
 154 
 
 
Figure 4.33 (cont.).  
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Upon sitting, this mixture completely decomposed to compound 11a and MeOH, further confirming the 
identity as (E/Z)-16-(a-M) (Figure 4.34-4.36).  
 
Figure 4.34: GC of mixture upon sitting, showing conversion to 11a.
 
 
Figure 4.35: GC of 11a obtained via amination of 10a for comparison. 
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Figure 4.36: 1H NMR of mixture after sitting, identical to that of 11a. 
 
Reactivity with octene 
 
The mixture of stereo and constitutional isomers was prepared according to the general procedure with 
octene (0.50 mmol, 56 mg) and phthalimide (0.55 mmol, 81 mg). The crude product was purified by silica 
gel chromatography (5% to 10% ethyl acetate in hexanes) to afford 8 constitutional isomers (29 mg, 22% 
yield) as a colorless oil. The anti-Markovnikov and Markovnikov isomers were assigned by fragmentation 
patterns of the crude GC-MS traces (Figure 4.37). The ratio of anti-Markovnikov to Markovnikov isomers 
was then determined by the crude GC trace.  
Rf (9:1 Hexanes:Ethyl Acetate): 0.39, 0.46 
IR (neat): 3027 (s), 1769 (s), 1698 (s), 1616 (s). 
HRMS (ESI-TOF): m/z [M+H+] calculated C18H16NO2 = 332.0898; found mass = 332.0896 
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Figure 4.37: GC trace of purified product mixture with corresponding MS fragmentation patters. 
 
Phenylacetylene-d 
 
An oven-dried schlenk flask equipped with a stir bar was charged with phenylacetylene (2.2 mL, 20 mmol, 
1.0 equiv) and anhydrous THF (30 mL, 0.67 M). The solution was cooled to -78 ºC and nBuLi (1.6 M in 
hexanes, 13 mL, 21 mmol, 1.05 equiv) was added in a dropwise fashion over 5 min. The solution was stirred 
at -78 ºC for 20 min after which point it was warmed to rt and stirred for an additional 20 min. The mixture 
was then cooled to -78 ºC and D2O (2 mL, excess) was added. The mixture is allowed to warm to rt and 
stirred for 20 min. The reaction was quenched with 3M HCl and extracted with diethyl ether (3x20 mL). 
The combined organic extracts were dried with MgSO4, filtered, and the solvent was carefully removed 
with use of a rotary evaporator (no heating, product is volatile) to give phenylacetylene-d as a clear oil (1.71 
g, 83% yield). 1H NMR indicated the presence of THF in the final product. Otherwise, the spectra matched 
those previously reported.82 
 
1H NMR signals for the 1% unlabeled material are indicated in square brackets [ ]. 
 
1H NMR (500 MHz, CDCl3): δ 7.52–7.47 (m, 2H), 7.38–7.29 (m, 3H), [3.08 (s, 0.01H)]. 
 
13C NMR (125 MHz, CDCl3): δ 132.32, 128.97, 128.51, 122.33, 83.40 (t, J = 9.4 Hz), 77.16 (t, J = 47.5 
Hz), 68.16, 25.83. 
 
HRMS (ESI-TOF) m/z: [M+] calculated for C8H5D, 103.0532; found, 103.0529. 
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(Z)-β-Deuterostyrene  
 
In the glove box, an oven-dried flask was charged with phenylacetylene-d (1.12 g, 10.9 mmol) and 
anhydrous methylene chloride (31 mL, 0.35 M). The solution was cooled to 0 ºC using the glove box cold 
well. Schwartz’s Reagent (2.98 g, 11.5 mmol, 1.05 equiv) was then added in two equal portions (1.49 g 
each) in rapid succession. The orange mixture was allowed to stir at 0 ºC for 5 min, then removed from the 
cold well and stirred at rt in the dark for 2 h. The flask was then removed from the glove box, cooled to 0 
ºC, quenched with H2O (1.5 mL) and stirred vigorously at rt for 2 h. MgSO4 was then added, and the mixture 
was filtered. The solution was carefully concentrated with the use of a rotary evaporator (product is volatile, 
no heating) until ca 15-20 mL remained. Hexane was added and the mixture was pulled through a celite 
pad to remove the white precipitate. The filter cake was rinsed with hexane and the solution was again 
concentrated with use of the rotary evaporator. The crude product was purified by pulling through a short 
silica column with methylene chloride. Careful concentration of the fractions with the use of a rotary 
evaporator gave (Z)- -deuterostyrene (307.4 mg, 27% yield), which contained a small amount of hexane 
and other solvent impurities. The spectra matched those previously reported.82 The product was stored in 
the glove box freezer without the addition of a stabilizer. 
 
1H NMR signals for the 1% unlabeled material are indicated in square brackets [ ]. 
 
1H NMR (500 MHz, CDCl3): δ 7.45–7.40 (m, 2H), 7.36–7.30 (m, 2H), 7.29–7.22 (m, 1H), 6.72 (dt, J = 
10.9, 2.6 Hz, 1H), [5.75 (dd, J = 17.6, 7.5, 0.01H)], 5.24 (d, J = 10.9 Hz, 1H). 
 
13C NMR (125 MHz, CDCl3): δ 137.81, 137.05, 128.78, 128.05, 126.47, 113.82 (t, J = 23.8 Hz). 
 
HRMS (ESI-TOF) m/z: [M+] calculated for C8H7D, 105.0689; found, 105.0688. 
 
Scheme 4.25: Oxidative Amination of (Z)-β-deuterostyrene 
 
A 4-mL vial equipped with a stir bar was charged with Pd(OAc)2 (2.2 mg, 10 µmol, 5 mol%), 
nBu4NCl 
(11.2 mg, 40 µmol, 20 mol%), 5Å molecular sieves (100 mg), phthalimide (32.4 mg, 0.22 mmol, 1.1 equiv), 
and DMA (0.2 mL, 1.0 M in alkene). The headspace was purged with O2 and the vial was sealed. (Z)-β-
deuterostyrene (21 mg, 0.20 mmol, 1.0 equiv) was added via syringe through the septum. An O2 balloon 
was then installed by placing the needle through the same hole through which the alkene had been added. 
The mixture was stirred at 80 ºC for 24 h after which point it was diluted with ethyl acetate (3 mL) and 
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adsorbed onto celite. Purification via flash column chromatography on silica gel, eluting with 5% ethyl 
acetate in hexanes, yielded the aminated product as a bright yellow solid (14.6 mg, 29% yield). 
 
Rf  (19:1 Hexanes:Ethyl Acetate): 0.21 
 
m.p. 182.8-184.0 ºC. (lit.83 174-175 ºC) 
 
1H NMR (500 MHz, CDCl3): δ 7.90 (dd, J = 5.4, 3.1 Hz, 2H), 7.76 (dd, J = 5.5, 3.0 Hz, 2H), 7.65 (s, 0.87H), 
7.48 (d, J = 7.0 Hz, 2H), 7.36 (t, J = 7.7 Hz, 2.13H), 7.26 (t, J = 7.3 Hz, 1H).   
 
13C NMR (125 MHz, CDCl3): δ 166.70, 136.20, 134.81, 131.96, 129.00, 127.91, 127.90, 126.49, 126.47, 
123.94, 117.73 (t, J = 55 Hz). 
 
IR (neat): 3062, 3032, 2926, 1772, 1707, 1626, 1451, 1464 cm-1. 
 
HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H11DNO2, 251.0931; found, 251.0935. 
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